” pt may 


or 


nw . 5 " 


mow 4 


qe a0 41768 by Geo. Adams, N* 60 Fleet Street. 


. 


* 


” pt may 


or 


nw . 5 " 


mow 4 


qe a0 41768 by Geo. Adams, N* 60 Fleet Street. 


. 


* 


* 


ASTRONOMICAL AND GEOGRAPHICAL © | 
— 9 


* r 


ip | CONTAINING, | 
| . | | 4 

AL AND COMPREHENSIVE VIEW, ON A NEW PLAN, 2 I 
5 OF THE b | 


— 2 - 


General Principles of Alten fe = 


i, | 
THE USE OF THE 06 £2 i 

CELESTIAL AND TERRESTRIAL KO | i | 
GLOBES, A 


Exempli ified in a greater Variety ef Problems, than are 10 be | | 
found in any other Work.” | Bin EE | 
111. 


THE DESCRIPTION AND USE 

OF THY MOST IMPROVED. C7 t 
PLANETARIUM, TELLURIAN, 18 
AND. 5 til 2 ij 1 

LUNA RIUM. Pt... —_— 

| Iv. 

AN INTRODUCTION 10 EEG 


PRACTICAL ASTRONOMY. 


| THIRD EDITION. 


BY GEORGE ADAMS, & 
Mathematical Inflrument Maler to His Majeſty, and Optician to the 
: Prince of Males. N 


Sonde 


* 
PRINTED BY R. HINDMARSH, 
PRINTER TO HIS ROYAL HIGHNESS THE PRINCE OF WALES, 
' OLD-BAILEY; © 
AND SOLD BY. THE AUTHOR," 
NO, 60, FLEET-STREET. 


EY 


— 


— 


PREFACE 


HE connection of aſtronomy with geo- 

graphy is ſo evident, and both in con- 
junction ſo neceſſary to a liberal education, 
that no man will be thought to have deſerved 
ill of the republic of letters, who has applied 
| his endeayours to diffuſe more univerſally the 
knowledge of theſe uſeful ſciences, or to ren- 
der the attainment of them eaſier; for as no 
branch of literature can be fully comprehended 
without them, ſo there is none which impreſſes 
more pleaſing ideas on the mind, or that affords 
it a more rational entertainment. ES 
The fifth edition of my father 8 treatiſe on 


the globes being out of print, I was ſolicited to 


reprint it. To obviate ſeveral objections to 
the form in which he had diſpoſed the pro- 
blems, I was induced to undertake the preſent 
work, in which they are arranged in a more 
methodical manner, and a great number added 
ro them. Such facts are alſo occaſionally in- 


troduced, ſuch obſervations interſperſed, and | 


ſuch relative information communicated, as it 
is preſumed will excite curioſity, and fix at- 

tention. : 4 | 5 
Having proceeded ſo far in this work, I 
found that it was eaſy to render it ſubſervient 
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to my plan of publiſhing, from time to time, 
cc Es8AYS, DESCRIBING THE Usz or Marhk- 
MATICAL AND PRILOSOPHICAL INSTRUMENTS ;” 
for the deſcription of thoſe which have been 
contrived to ſmooth the path to the ſcience of 
aſtronomy, or to facilitate che practice of the 
arts depending on it, could no where be intro- 
duced with ſo much propriety, as in a work 
which treated of it's elementary principles. 
Jo further this deſign, it was neceſſary to 
prefix an introduction to aſtronomy. This is 
divided into three parts. In the firſt, the pupil 
is ſuppoſed to be placed in the ſun, the center 
of the ſolar ſyſtem : from this ſituation he con- 


ſiders the motion of the heavenly hoſt, and 


finds that all is regular and harmonious. In 
the ſecond part, his attention is directed to the 
. appearances of the planetary bodies, as ob- 
ſerved from the earth. It were to be withed 
that the tutor would at this part exhibit to 
his pupil the various phenomena in the hea- 


vens themſelves : by teaching bim thus to ob- 


ſerve for himſelf, he would not only raiſe his 
« curioſity, but ſo fix the impreſſions which the 
objects have made on his mind, that by proper 
cultivation they would prove a fruitful ſource 
of uſeful employment; and he would thereby 
_ alfo gratify that eager deſire after novelty, 
which continually animates young minds, and 
furniſh them with objects on which to exerciſe 
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their natural activity. - In the third part of this 
introduction, the received, or Copernican ſyſ- 
tem is explained: by this ſyſtem the various 
phenomena of the heavens are rationally ac- 
counted for ; it ſhews us how to reconcile the 


real ſtate of things with the fallacies ariſing 
from the ſenſes; and teaches us that the irre- 


gularities obſervable in the motion of the hea- 
venly bodies, are for the moſt part to be 
attributed to the ſituation from which they 
are obſerved. Aſtronomy, in common with 
other branches of the mathematics, while it 


ſtrengthens the powers of the mind, reſtrains 


it from raſh preſumption, and diſpoſes it to a 


rational aſſent. 
The principles of the Copernican ſyſtem are 


further elucidated, in the third eſſay; in which 


the moſt improved planetarium, lunarium, and 
tellurian, are deſcribed. Theſe inſtruments, 


though leſs complicated in their conſtruction, 
and leſs expenſive to the purchaſer, than thoſe 


large ones heretofore made for the ſame pur- 
poſe, are equally, perhaps better, adapted to 
explain the general principles of aſtronomy. 


In deſcribing them, it was neceſſary to re- con- 


ſider many ſubjects which had been previouſly 


treated; but as they are here placed in another 
point of view, preſented to the mind finder a 


different form, are generally deſcribed in other 
words, and often with the addition of new 
a3 matter, 
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matter, it is hoped that theſe repetitions, ſo 
far from being an object of complaint, will be 
found to contribute to the main intention of 
this work, by conveying further inſtruction, 
fixing it more deeply in the mind, and render- 
ing that obvious which before might be found 
difficult. | 

One part ſeemed wanting to an introduc- 
tory treatiſe on practical aſtronomy ; ſome- 
thing that would gently lead the pupil to a 
knowledge of the practical part of this ſcience, 


à a branch of aſtronomy to which we are in- 


debted for our preſent knowledge of the hea- 
vens, by which geography has been improved, 
and by which the paſſage of ſhips over the 
trac kleſs ocean is facilitated. | 

There is no part of mathematical ſcience 
more ſimple and eaſy, than the meaſurement 
of the relative poſitions and diſtances of inac- 
ceſſible objects; yet, to the uninſtructed, to de- 
termine the diſtance of a ſhip on the ocean, 
to aſcertain the height of the clouds and me- 
teors that float in the atmoſphere, to fix the 
latitude and longitude of places, &c. are pro- 
blems that have ever appearec to be above the 
reach of human art; they are therefore parti- 


cularly calculated to engage the attention of 


young minds, and may be-uſed to encourage 
diligence, and reward application. 
| N 10 
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To introduce the pupil to this branch of 
aſtronomy, I have deſcribed two inſtruments, 
each of which is ſimple in it's conſtruction, 
and of ſmall expence. By theſe he may find 
the diſtance of any inacceſſible object, the 
height of a ſpire, a mountain, or any other 
elevation; learn to plot a field; aſcertain the 
altitude of a cloud, a fire-ball, or any other 
meteor; determine with accuracy the hour of 
the day, the latitude or longitude of a place, 
with many other. curious problems. In the 
ſeleQion of theſe, for the firſt edition, I have te 
acknowledge the aſſiſtance I received from an 
ingenious friend. 
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| Menhw have in all ages been 4 

Fas or forming rational conceptions of the 
nature and motion of thoſe bodies that appear 
in the vaſt concave above their heads. Amidſt 
the infinite variety of objects which ſur- 
round them on every fide, the heavenly bodies 
muſt have been amongſt thoſe which firſt at- 
trated their attention, They are of all objects. 


the moſt conſpicuous, the moſt important, and 


the moſt beautiful. 
Aſtronomy iiffructs us in the laws, or 


rules, that govern and direct the motions of 


the heavenly hoſt, It weighs and conſiders the 
powers by which they circulate in-their orbs. 


It enables us to diſcover their ſize, determine 
B their 
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their diſtance, explain their various pheno- 
mena, and correct the fallacies of the ſenſes by 
the light of truth. 

Aſtronomy is not merely a ſpeculative ſci- 
ence; it's uſe is as extenſive, as it's reſearches 
are ſublime. Navigation owns it for it's guide: 
by it commerce has been extended, and geo- 
graphy improved. It is aſtronomical obſer- 
vations that form the baſis of geography. 
Thus it has co-operated with other cauſes in 
the greateſt of all works, the diffuſion of know- 
ledge, and the civilization of man. 

As in order to attain an accurate idea of 
any piece of mechaniſm, it is beſt to begin 
our inveſtigations by an examination of thoſe 
parts which give. motion. to the reſt, the pri- 
mary cauſes of thoſe effects for which the ma- 
chine was made; ſo the young pupil will more 
caſily gain a juſt idea of the motion of the 
heavenly bodies, by conſidering them as ſeen 
from the ſun, the center of our ſyſtem, and 
the principal agent uſed by the Lord or VA 
TURE, for conducting and regulating the pla- 
netary ſyſtem, 

It will not be diffcule, alter this, r to n 
him how thoſe appearances are to be accounted 
for, that ariſe from his particular ſituation; 
| whence he views the heavens fröm a point 
which is not in the center of the ſyſtem, and 
is canſe g the ſource of many apparent 

— | irre- 
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irregularities. This knowledge attained, 

will then be eaſy to prove to him, that the 
real and apparent motions of the heavenly bo- 
dies are frequently the reverſe of each other. 
For being by this means put into poſſeſſion of 
the uni verſals of this ſcience, the knowledge 
of particulars will be rendered facile and clear. 


/ 


Or THE SOLAR SYSTEM, AS SEEN BY A SPEC- 


TATOR SUPPOSED TO BE PLACED IN THE, 


SUN, 


As the center of the ſyſtem is the only 
place from which the motion of the planets 
can be truly ſeen, let us ſuppoſe an 9b/erver 
placed in the center of the ſun. In this ſitua- 
tion he will ſee at one view all the heavens, 
which will appear to him perfectly ſpherical, 
the ſtars being ſo many lucid points in the 
concave ſurface of the ſphere, whoſe center is 
the ſun, or, in the preſent inſtance, the eye 
of the obſerver. 

Our ſpeQator will not, however, mn 


ately conclude from appearances, either that 


the heavens are really ſpherical, or that the 
ſun is in the center of that ſphere, or that the 
ſtars are all at an equal diſtance from him; 
having been previouſly taught by experience 
and obſervation, that while he remains in the 


ſame e he cannot judge properly of the 


B 2 | diſ- 
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diſtance of ſurrounding objects, at leaſt of 
thoſe which are placed beyond the ordinary 
reach of his view. When objects are removed 
beyond the diſtances we are accuſtomed to, 
the principles by which we form our general 
judgment fail us; and we can only tell which 
is neareſt, or which is furtheſt, either by our 
own motion, or that of the objects. 

To illuſtrate this, let us ſuppoſe a number 
of lamps to be placed irregularly, at different 
diſtances from the eye, in a dark night. Now 
if in this caſe we ſuppoſe the darkneſs to be 
ſo complete, that no intermediate objects 
could be ſeen, no difference in colour diſ- 
cerned, nor any convergence towards the point 
of fight be perceived; our judgment could 
not aſſiſt us in diſtinguiſhing the. diſtance of 
one from the other, and they would therefore 
all ſeem to beat an equal diſtance from the 
ſpectator, IDS 

For the fame reaſon, the ſun and moon, 
the ſtars and planets, appear to be all at an 
equal diſtance from us; though it is highly 
probable, that ſome of the ſtars are many mil- 
lions of times nearer to us chan others. The 
ſun is demonſtrated to be nearer than any of 
the ſtars. "The- moon and ſome of the planets 
are known by ocular proof to be nearer to us 
than the ſun, becauſe they ſometimes come be- 


tween it and our eye, and hide the whole, or 
| e | a great 
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a great part of his diſk, from our view. They 
all, however, appear equally diſtant, and as if 
placed in the ſurface of a ſphere, whereof our 
eye is the center. In whatever place, there- 
fore, the ſpectator reſides, whether it be on 
this earth, in the ſun, or in the regions of Sa- 
turn, he will conſider that place as the middle 
point of the univerſe, and the center of the 
world; for it will be to him the center of a 
ſpherical ſurface, in which all diſtant bodies 
appear to be placed. | 
Theſe things being ogg plain, the 
pupil may proceed to confider the obſerva- 
tions of the ſolar ſpectator; to whom, as we 
have already obſerved, the heavens will appear 
as the ſurface of a concave ſphere, concentri- 
cal to his eye: in this ſurface he will diſcover 
an innumerable hoſt of fixed ſtars, which will 
for ſome time engage his attention, before he 
diſcovers that they may be diſtingygiſhed into 
two kinds; the one diſperſed through the 
whole heavens, differing in their degree of 
brightneſs, but remaining always at the ſame 
relative diſtance from each other. Theſe he 
will therefore call fixed flars, or only ftars. Be- ol 
ſides theſe, he will find ſome others moving 
among the foregoing with different velocities, . 
which he will call wandering ftars, or planets, 


5 | I 3 | Or 455 
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Or THE CELESTIAL SIGNS AND CONSTELLA- 
TIONS. 


Having proceeded thus far, our ſpectator 
will endeavour to find out ſome method of 
diſtinguiſhing the ſtars from each other; con- 
cluding, that as they do not change their re- 
lati ve poſitions one to the other, he may eaſily 
make an exact deſcription of them, and by re- 
peated obſervations determine the poſition and 
order which ſubſiſt among them. 

That he may avoid confuſion in deſcrip- 
tion, and be able to point out any particular 
ſtar, without being obliged to give a name to 
each, he will divide them into ſeveral parcels; 

to cach of theſe parcels he will aſſign a figure 
at pleaſure; theſe aſſemblages, or groupes of 
ſtars, he will call confe/lations. Thus a num- 
ber of ſtars near the north pole is called the 
bear, becauſe the ſtars which compoſe it are 
at ſuch diſtances from each other, that they 
may fall within the figure of a bear, Ano- 
ther conſtellation is called the ſhip, becauſe 
that collection of ſtars, which compoſe it, is 
repreſented upon a celeſtial globe as' com- 
prized within ſome part of the figure of a 


: ſhip. ; ; 
i As the fixed ſtars will appear to our ob- 
| ſerver of different degrees of magnitude and 
13h ſplendor, he will divide them into different 
=. | : claſſes. 


I” 
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claſſes. Thoſe which ſeem the largeſt and 
brighteſt, he will call ſtars of the firſt magni- 
tude; the ſmalleſt that we can ſee with the na- 
ked eye, are called ſtars of the ſixth magnitude; 
and the intermediate ones, according to their 
different apparent ſizes, he will call of the 
ſecond, third, fourth, or fifth magnitudes. 
Thoſe ſtars, which cannot be ſeen without the 
aſſiſtance of a teleſcope, are not reckoned in 
any of theſe claſſes, and are called teleſcopic 
ſtars. 
By a knowledge of the fixed ſtars and their 
poſitions, our obſerver will obtain ſo many 
fixed points, by which he may obſerve the 
motions of the planets, and the. relation of 

theſe motions to each other; he will uſe them 
as ſo many landmarks, (if the word may be 
allowed) by which the ſituations, of other ce- 
leſtial bodies may be aſcertained, and the va- 
rieties to which they are ſubject be obſerved. 
For from the ſame place, the motions of the 
heavenly bodies can only be eſtimated by the 
angle formed at the ſpectator's eye by the 
ſpace which the moving body paſſes over. 
To meaſure the ſpaces, the ſtars muſt be 
uſed, and conſidered as ſo many luminous 
points fixed 1n the concavity of a ſphere, 
whoſe radius is indefinite, and of which the 
obſerver's eye is the center. We may learn 
from hence the neceſſity of forming an exact 
4. . 
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catalogue of the ſtars, and of determining their 
poſitions with accuracy and care. With ſuch 
a catalogue, the ſcience of aſtronomy begins. 

Although to thoſe who are unacquainted 
with the nature of celeſtial obſervation, it 
might at firſt ſight appear almoſt im poſſible 
to number the ſtars; yet their relative ſitua- 
tions have been ſo carefully obſerved by aſtro- 
nomers, that they have not-only been num- 
bered, but even their places in the heavens | 
have been aſcertained with greater accuracy, 
than the relative ſituation of moſt ory on 
the ſurface of the earth. 7 838 
The greateſt number ef ſtars that are viſi- 
ble to the naked eye, are to be ſeen on a win- 
ter's night, when the air is clear, and no 
moon appears. But even then a good eye can 
ſcarce diſtinguiſh more than one thouſand at 
a time in the viſible hemiſphere : for though 
on ſuch a night they appear to be almoſt in- 
numerable, this appearance is a deception, 
that ariſes from our viewing them in a tran- 
ſient and confuſed manner; whereas, if we 
view them diſtinctly, and only conſider a ſmall 
portion of the heavens at a time, and' after 
ſome attention to the ſituation of the remar- 
kable ſtars contained in that portion, begin to 
count, we ſhall be ſurprized at the ſmallneſs 
of their number, and the caſe with which they 
may be enumerated.. 


The 
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The number of the ancient conſtellations 
was 48; in theſe were included 1022 ſtars. 
Many conſtellations have been added by mo- 
dern aſtronomers ; ſo that the catalogues of 
Flamſteed and De la Caille, when added to- 
gether, are found to contain near five thou- 
and ſtars. The names of the conſtellations, 
their ſituation in the heavens, with other par- 
ticulars, are beſt learned by ſtudying the arti- 
ficial dependent tan of the N a celeſtial 
A 

The galaxy or e muſt not be ne- 
glected ; it is one of the moſt remarkable ap- 
pearances in the heavens ; it is a broad circle 
of a whitiſh hue, in ſome places it is double, 
but for the moſt part conſiſts of a ſingle path 
ſurrounding' the whole celeſtial concave. The 
great Galileo diſcovered by the teleſcope, that 
the portiofi- of the heavens which this circle 
paſſes through, was every where filled with an 


infinite multifude of exceeding ſmall ſtars, 


too ſmall to be diſcovered by the naked eye; 
but by the combination of their light diffu- 
ſing a ſhining whiteneſs through the heavens. 


Mir. Brydone ſays, that when he was at the top 


of Mount Etna, the milky way had the moſt 
beautiful effect, appearing like a pure flame 
that ſhot acroſs the heavens. 

The ſtars appear of a ſenſible magnitude 
to the naked eye, becauſe the retina is not 
| | only 
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only affected by the rays of light which are 
emitted directly from them, but by many 
thouſands more, which, falling upon our eye- 
laſhes, and upon the viſible aerial particles 
about us, are reflected into our eyes ſo ſtrongly, 
as to excite vibrations, not only in thoſe points 
of the retina, where the real images of the 
ſtars are formed, but alſo in other parts round 
about it. This makes us imagine the ſtars to 
be much bigger, than they would be if we ſaw 
them only by the few rays which come directly 
from them to our eyes, without being inter- 
mixed with others. Any one may be made 
ſenſible of this, by looking at a ſtar of the 
firſt magnitude, through a long narrow tube; 
which, though it takes in as much of the ſky 

as would hold a thouſand of ſuch ſtars, ſcarce 
renders that one viſible. 

The number of the ſtars almoſt infinitely 
exceeds what we have yet been ſpeaking of. 
An ordinary teleſcope will diſcover, in feveral 
parts of the heavens, ten times as many ſtars 


as are viſible to the naked eye. Hooke, in his 


Micrographia, ſays; that with a teleſcope: of 
twelve feet he diſcovered ſeventy-eight ſtars 
among the Pleiades, and with a more per- 
fed teleſcope, many more. Galileo reckoned 
eighty in the ſpace between the belt and the 
ſword of Orion, and above five hundred more 
in anotherpart of the ſame conſtellation, with- 

in 
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in the compaſs of one or two degrees ſquare. 
Antonia Maria de Rheita counted in the ſame 
conſtellation above two thouſand ſtars. Fu- 
ture improvements in teleſcopes may enable us 
to diſcover numberleſs ſtars that are now in- 
viſible; and many more there may be, which 
are too remote to be ſeen through teleſcopes, 
even when: they have received their ultimate 
improvement. Dr. Herſchel, to whoſe inge- 
nuity and aſſiduity the aftronomical world is 
ſo much indebted, and whoſe enthuſiaſtic 
ardor has revived the ſpirit of diſcoveries, of 
which we ſhall ſpeak more largely in another 
part of this eſſay, has evinced what may be 
effected by improvgments in the inſtruments 
of obſervation. In ſpeaking here of his diſ- 
coveries, I ſhall uſe the words of M. de la 
Lande.“ *« In paſſing rapidly over the hea- 
vens with his new teleſcope, the univerſe in- 
_ creaſed under his eye; 44000 ſtars, ſeen in the 
ſpace of a few degrees, ſeemed to indicate 
that there were ſeventy-five millions in the 
heavens.” He has alſo ſhewn that many ſtars, 
which to the eye, or through ordinary glaſſes, 
appear ſingle, do in fact conſiſt of two or 
more ſtars. The galaxy or milky way owes 
it's light entirely to the multitude of ſmall 
ſtars, placed ſo cloſe as not to be diſcoverable 
even by an ordinary teleſcope. The nebule, 
| or 
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or ſmall whitiſh ſpecks, diſcerned by meins of 
teleſcopes, owe their origin to the ſame cauſe; 
former aſtronomers could only reckon 103, 
Dr. Herſchel has diſcovered upwards of 1250 
of theſe cluſters, beſides a ſpecies which he 
calls planetary nebulæ. But what are all theſe, 
when comparcd to thoſe that fill the whole 
expanſe, the boundleſs fields of ether! In- 
_ deed, the immenſity of the univerſe muſt con- 
tain ſuch numbers, as would exceed the ut- 
molt ſtretch of the human imagination. For 
who can ſay, how far the univerſe extends, or 
where are the limits of it? where the Cre- 
ator ſtayed © his rapid wheels ;” or where he | 
* fixed the rg compalles ??” | 


Or Tyr PLANETS, AS SEEN FROM THE SUN, 


Our ſolar obſerver having attained a com- 
petent knowledge of the fixed ſtars, will now 
apply himſelf to conſider the | planets : theſe, 
as we have already obſerved, he will ſoon diſ- 
tinguiſh, by their motion, from the fixed 
ſtars; the ſtars always remaining in their 
places, but the planets will be ſeen paſſing by 
them with unequal velocities. Thus on ob- 
ſerving the earth, for inſtance, he will find it 
moving among the fixed ſtars, and approach- 
ing nearer and nearer to the more eaſtern 
ones; in a year's time it will complete it's 
reyolution, and return to the ſame place again. 


He 
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He will find ever of theſe bodies revolving 
round the ſun, to each of which he will aſſign 
a name, calling the ſwifteſt Mercury, denomi- 
nating the others in order, according to their 
velocities, as Venus, then the Earth, and 
afterwards Mars; Fuptiter, Saturn, and the 
 Georgium Sidus. 

Proceeding with attention in thus explor- 
ing and examining the heavens, he will perceive 
that the carth 1 is always accompanied by a ſmall 
ſtar, Jupiter by four, Saturn by ſeven, and the 
Georgium Sidus by two: theſe ſometimes pre- 
cede, at others follow; now paſs before, and 
then behind the planets they reſpectively 
attend. Theſe ſmall bodies he will call 1 58 
dary planets, f/atellites, or moons. 

The obſerver, by remarking the exact time 
when each planet paſſes over ſome fixed ſtar, 
and the time they employ from their ſetting 
out, to their return to the ſame ſtar again, will 
find the times elapfing between each ſucceſſive 
return of the ſame planet to the ſame ſtar, to 
be equal; and he would ſay, that the ſeveral 
planets deſcribe circles in different periods; 
but that each of them always completes it's 
own circle in the ſame ſpace of time. 

He will further obſerve, that there are cer- 
tain bodies, which at their firſt appearance are 
ſmall, obfeure, ill- defined, and that move very 


ſlow, but which afterwards increaſe i in magni- 
tude, 


* 
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tude, light, and velocity, until they arrive at a 


certain ſize, when. they loſe theſe properties, 


and diminiſh in the ſame manner as they be- 
fore augmented, and at laſt diſappear. To 


theſe bodies, which he will find in all the 
regions of the heavens, moving in different 


directions, he will give the name of comers. 


Or Taye PATrHS or THE PLANETS. 


Our obſerver will take notice, that the 
planets run ſucceſſively through thoſe con- 
ſtellations which he has denominated, Artes, 
Taurus, Gemini, Cancer, Leo, Virgo, Libra, 


Scorpio, Sagiltarius, Capricornus, Aquarius, Piſ- 


ces; and that they never move out of a certain 


ſpace, or zone, of the hey, which we will 
| call the zodiac. 


He will find, by proceeding in his obſerva- 
tion, that the orbits of the planets are not all 
in the ſame plane, but that, they croſs each 


other in different parts of the heavens ; ſo 


that if he makes the orbit of any one planet a 
ſtandard, and conſiders it as having no obli- 
quity, he would judge the paths of all the reſt 
to be inclined to it ; each planet having one 
halt of it's path on one ſide, and the other 
half on the oppoſite fide of the ſtandard path, 
or orbit. Aſtronomers generally aſſume the 
earth's orbit, as the ſtandard from which to 

| com- 
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compute the inclination of the others, and call 
it the ecliptic. The points, where the orbits 
interſect each other, are called the nodes. | 
This inclination of the orbits ro each other, 
may be rendered more familiar to the imagina- 
tion,* by taking as many hoops as there are 
planets, with a wire thruſt through each, and 
thereby joined to that hoop which repreſents the 
_ ecliptic ; the other hoops may be then ſet more 
or lets obliquely. to the ene of the 
echptac< :.* ö | 
The ſeveral orbits do not croſs or 9 0 
the ecliptic i in the ſame point, or at the ſame 
angles; but their nodes, or interſections, are 
at different parts of the ecliptic. 
8 It ſhould, however, be obſerved here, tha 


in ſpeaking of the orbits of the planets, nothing 


more 1s meant by this term, than the paths they 
paſs through in the open ſpace in which they 
move, and in which they are retained by a ce- 
leſtial but continuous mechaniſm. 


Or THE Motion or The PLANETS ROUND 
85 THEIR AXIS. | I 
By attentively conſidering, with a teleſcope, 
the ſurface of the primary planets, our ſolar ob- 


ſerver will find, that ſome parts, or /pots, are 


more obſcure than others. By continued obſer- 


vation he will find, that theſe ſpots change their 


places, 
* Dr, Watts's Aſtronomy, 
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places, and move from one fide of the planet to 
the other; then diſappear for a certain ſpace 
of time; after which, they again, for a while, 
become viſible on the ſide where they were firſt 
ſeen, always continuing the ſame motion nearly 
in an uniform manner. The diſtance between 
the ſpots grows wider as they advance from the 
edge towards the middle of the planet, and then 
grows narrow again as they paſs from the mid- 
dle to the other edge. The time they are ſeen 
on the planet's diſk, is ſomewhat leſs than the 
time of their diſappearance. | 

From theſe circumſtances he will conclude, 
firſt, that theſe ſpots adhere to the body of the 
planet; and ſecondly, that each planet is a globe 
turning on it's axis, and has conſequently two 
motions, one whereby it is moved round it's 
axis in a ſhort time, the other by which it re- 
volves round the ſun. Theſe motions may be 
eaſily conceived, by only imagining a ſmall 
ball to roll round a large ſphere. The firſt of 
theſe motions, or that of a planet round it's 
axis, is called the diurnal motion; and the 
ſecond, or it's revolution round the ſun, is 
called the annual motion. 
I)!he tutor may in ſome meaſure realize to 
his pupil the foregoing heliocentric pheno- 
mena, by plate I. fig. 1, of the ſolar ſyſtem ; 
or ſtill much better, by means of a planeta- 
rium: for by ſuppoſing himſelf on the braſs ball 


which repreſents the ſun,. he will ſee that all 
| | the 
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the planets move round him in beautiful and 
harmonious order. If on account of their diſ- 
tance he refers their motions to the fixed flars, 


he will ſee how readily the periods of their revo= 
lutions may be obtained, by obſerving the time 


that elapſes between their ſetting out from any 
fixed point, or ſtar, and their returning to the 
ſame again. He will alſo ſee, that if the paths 
of the planets were in one plane, as in the in- 
ſtrument, they would all be transferred to one 
circle in the heavens. 

When he underſtands cheſs action, the 
tutor may proceed to ſhew him that the mo- 
tions, which are ſo regular when viewed from the 
ſun, become intricate and perplexed when view= 


ed from the earth ; and infer from thence, that 
whenever © we examine the works of the Duty 


at a proper point of diſtance, ſo as to take in 
the whole of his deſign, we ſce nothing but 


uniformity, beauty, and preciſion.” Thus the 


| heavens preſent us with a plan, which, though 
inexpreſſibly magnificent, is yet regular beyond 
the power of invention; and the volume of the 


univerſe will be found to be as perfect as it's 
AUTHOR, Containing mines of truth for ever 


opening, fountains of good for ever flowing, an 
endleſs ſucceſſion of bright, and ſtill brighter 


exhibitions of the glorious godhead, anſwering 


to the nature and idea of infinite fulneſs and 


rfection. CE 
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Or rr PRTNOMENA of The Hravins, As 


SEEN FROM THE EARTH. 


HE various appearances of the celeſtial 


bodies, as ſeen from the earth, are the 
fats which lay the foundation of all aſtrono- 
mical knowledge. To account for, and ex- 
plain them, is it's principal buſineſs: a true 
idea of theſe phenomena is therefore a neceſ- 
ſary ſtep to a knowledge of aſtronomy. Let 
us therefore ſuppoſe ourſelves in the open air, 
contemplating the appearances that occur in 
the heavens. 


Or THE APPARENT Moriox OF ThE SUN, 


The firſt and moſt obvious phenomenon is 
the daily riſing of the /un in the eaſt, and his 
ſetting in the weſt; after which the moon and 


ſtars appear, ill OY the ſame weſterly - 
T courle, 


7 
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courſe, till we loſe ſight of them altogether. 
Theſe appearances give riſe to what is called 
the apparent diurnal motion of the heavens. 

This cannot be long. obſerved, before we 
muſt alſo perceive, that the /un does not always 


| riſe exactly at the ſame point of the heavens, his 


motions deviating conſiderably at particular 
ſeaſons from thoſe they perform at other times. 
Sometimes we perceive him very hgh in the 
heavens, as if he would come directly over our 
Heads; at other times he is almoſt ſunk in the 
ſouthern part of the heavens. If we com- 


mence our obſervations of the ſun, for in- 


| Nance, in the beginning of March, we ſhall 
find him appear to-riſe more to the northward 


every day, to continue longer above the hori- 
on, to be more vertical, or higher, at mid- 


day; this continues till towards the end of 
June, when he moves backward in the ſame 
manner, and continues this retrograde motion 
till near the end of December, when he begins 
to move forwards, and ſo on. i 
It is this change in the ſun's place, that 


occaſions him to riſe and ſet in different parts 


of the horizon, at different times of the year. 
It is from hence that his height is ſo much 
greater in ſummer, than in winter. In a word, 
the change of the ſun's place in the heavens is 
the cauſe of the different length in the days and 
nights, and the viciſſitudes of the ſeaſons. 

As the knowledge of the ſun's apparent mo- 


8 2 tion 


j — rer 
— — 4 — 1 
2 4 3 


— „ rr tA 


« 


me a 


”—— ORR . — 


—— — 
r 


2 


22 
1 V 
— 


=D = * * 4 = 
a 2 * n 11 of 7 Fan % — n 
= * * e Fr . I — — — I . — ——— 3 
. — — » y * . e b —— — K 8 8 __ 
— eo 5 1 — — _ e 2 4 1 R . 
y ts. » X h s + * — - P 
4 T " 4 2 A 4 ah . "—_ _ 
2 . 7 3 * rer 7 r l 2 LE 
=” p r 2 — —. SE 7 5 2 
: : 9 * — —— - 2 — — — — * — bd 
: — 3 . — as — w] . . : 7 r _ - 3 — 
i — 1 , : — X . l 
? 1 - - — — — — —— — e 
D homey —U— — * . 7 
—— — — — 2 — — = o —— . . 
N — ———_—_— — — * — 2 — * =y ” — - - — 
4 / 
” % 
: 


NS 
. 3 . — 
TE 0 Du ee e eee 
— _ 8 9 * 
| N . 
s 
* 


* 


20 _ASTRONOMICAL ESSAYS. 


tion is of great importance, and a proper con- 


ception of it abſolutely neceſſary, in order to 
form a true idea of the phenomena of the hea- 


vens, the reader will excuſe my dwelling ſome- 


thing longer upon it. If on an evening we take 


notice of ſome fixed ſtar near the place where 

the ſun ſets, and obſerve'it for ſeveral ſucceſſive 
_ evenings, we ſhall find that it approaches the 
ſun from day to day, till at laſt it will dif- 


appear, being effaced by his light, though but 
a few days before it was at a ſufficient diſtance 
from him. That it is the ſun which approaches 
the ſtars, and not the ſtars the ſun, is plain, 
for this reaſon; the ſtars always riſe and ſet 
every day at the ſame points of the horizon, 
oppoſite to the ſame terreſtrial objects, and are 
always at the ſame diſtance from each other; 


whereas the ſun is continually changing both 


the place of it's riſing and WG wa it's diſ- 
tance from the ſtars. 

The ſun advances nearly one FOR every 
day, moving from weſt to eaſt ; ſo that in 365 
days we ſee the ſame ſtar near the ſetting ſun, 
as was obſcrved to be near him on the ſame day 
in the preceding year. In other words, the 
ſun has returned to the place from whence he 
fet out, or made what we call his annual revo- 


_ lution, 


We cannot indeed obſerve the ſun's motion 
among the fixed flars; becauſe he darkens the 


En by his ſplendor, - and cflaces the ſeeble 


light 


— 
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hood; but we can obſerve the inſtant of his com- 
ing to the meridian, and his meridional altitude; 


wie can alſo compute what point of the ſtarry 


heaven comes to the ſame meridian, at the ſame 
time, and with the ſame altitude. The ſun muſt 
be at that point of the ſtarry heavens thus diſ- 
covered. Or we can obſerve that point in the 
heavens, which comes to the meridian at mid- 
night, with a declination as far from the equator 
on one ſide, as the ſun's is on the other fide ; 
and it is evident, the ſun muſt be in that part of 
the heavens, which is diametrically oppoſite to 


this point. By either of theſe methods we can 


aſcertain a ſeries of points in the heavens, 
through which the ſun paſſes, forming a circle 
called the ecliptic,* 


Su 


Or THE APPARENT PHENOMENA or THE Moo. 


The motion of the moon through the hea- 
vens, and her appearance therein, ace ſtill more 


remarkable than thoſe of the ſun; ſhe engages : 
the attention “ by the nightly changes in her 


circling orb. At the eto moon, or when ſhe 
firſt becomes viſible, ſne is ſeen in the weſtern 
part of the heavens, at no great diſtance from 


the ſun. She increaſes every night in ſize, and 


removes to a greater diſtance from the ſun, till 


C 35 oe at 


* The conformity of this definition of the ecliptic, with 
that given in page 15, will be ſeen hereafter,” 


light of thoſe gata chat are in his neighbour- 


n 


— — 1 
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at laſt ſhe appears in the caſtern part of the 
horizon, when the ſun is. diſappearing in the 
weſtern ; ſhe then appears with a full round 


face, and we ſlay, it is ful/ moon. After this, 


ſhe gradually removes further and further eaſt- 
ward, till at laſt ſhe ſeems to approach the ſun 
as nearly in the caſt as ſhe did before in the weſt, 
and riſes a little before 'him in the morning ; 
whereas in the firſt part of her courſe ſhe ſet in 


— 


the weſt, long after him. All theſe different 


appearances happen in the ſpace of a month; 
after which they re-commence in the ſame 
manner; 7 ſometimes half-reſtoring day with 
her waxing brightneſs; ſometimes waning into 
dimneſs, and ſcarcely ſcattering the ee 
gloom.” | 

There is ſometimes an irregularity in theſe 
appearances, particularly in harveſt-time, when 
the moon appears for ſeveral days to be ſtationary 


in the heavens, and to preſerve nearly the ſame 


diſtance from the ſun ; in conſequence of which, 
ſhe riſes.at that ſeaſon of the year nearly at the 
lame hour for ſeveral nights. 


" EE 
OF THE APPARENT MOTION. OF THE STARS, 


In contemplating the ftars, it is obſerved, 


that ſome among them have the ſingular pro- 


perty of neither riſing in the eaſt, nor ſetting in 
Fr weſt; but ſeem to turn round one immove- 
able 
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able point, near which is placed a ſingle ſtar, 
called the pole, or pole flar. | 
This point is more or Jeſs elevated, ac- 
cording to the part of the earth from which it 
is viewed. Thus to the inhabitants of Lap- 
land it is much more vertical, or elevated 
above the horizon, than with us: we ſee it 
more elevated than the inhabitants of Spain: 
and theſe again ſee it more elevated than thoſe. 
of Barbary. By continually travelling ſouth- A 
| 5 ward, we ſhould- at laſt ſee the pole ſtar de- | 
g = preſſed to the horizon, and the other pole > ; 
would appear in the ſouth part of the horizon, 
round which the ſtars in that part would re- 
volve. There is, however, no ſtar in the 
ſouthern hemiſphere ſo near the pole, as that in 
the northern hemiſphere.. Suppoſing us ſtill 
to travel ſouthward, the north pole would en- 
tirely diſappear, and the whole hemiſphere 
would ſeem to turn round a fingle point in the 
ſouth, as the northern hemiſphere appears to 
turn round the pole ſtar. 

The general appearance, therefore, of the 
ſtarry heavens is that of a vaſt concave ſphere 
bt” turning round two fixed points (diametrically | 

oppoſite to each other, the one in the north, 
the other in the ſouth) once in twenty-four 
hours, - - 

7 Hence it is that the ſtars, though they 
keep the ſame relative places with reſpect to 
each other, yet change their ſituation very ſen- 

| C4 | ſibly 
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ſibly with reſpect to the horizon; ſome riſing 
above, others deſcending below it; ſome that 
were inviſible, now becoming viſible; while, 
on the other hand, many are diſappearing. 
Some never deſcend below the horizon; at- 
though, as they turn round, they are ſometimes 


nearer to, at others further from it, deſcribing 


whole circles about a point above it. If the 
obſerver turns himſelf round, he will find ſome 
ſtars riſe only as it were to ſet again; many 
deſcribing ſmall arcs, and others larger ones. 


* 


Tu APPEARANCES OF THE PLANETS. 


Beſides the fixed ſtars, there are other bo- 
dies in the heavens, which are continually 
changing their places, both with reſpect to the 
ſtars, and one another; theſe are called planets. 
They move among the ſigns of the zodiac, 
never departing far from the ecliptic. Their 
apparent motion is very Irregular, confuſed, 
and perplexed; ſometimes they appear as 
going forwards, ſometimes hackwards, and at 
others are flationary. | | 

Mercury emits a bright white light, but 
keeps ſo near the ſun, and is ſo ſmall, that he 
is very ſeldom viſible; and when he does make 
his appearance, his motion towards the ſun is 


ſo ſwift, that he can only be diſcerned for a 


ſhort time. He appears a little aſter ſun-ſet, 


and * a little before ſun-riſe. 


4 


Venus. 
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Venus is the moſt beautiful ſar in the hea 5 | 
vens, known by the names of the morning and 
evening flar. She alſo, like Mercury, keeps 
near the ſun, though ſhe recedes from him 
much further, and, like him, is never ſeen in 
the eaſtern quarter of the heavens when the 
ſun is in the weſtern; but always either at- | | 
tends him in the evening, or gives notice of vx 

his approach in the morning. | | 

Mars 1s of a red fiery colour, giving a 
much duller light than Venus, though he ſome- 
times appears almoſt equal to her in ſize. He 
is not ſubject to the ſame limitations in his 
motions as Venus and Mercury, but appears 
ſometimes very near the ſun, at others at a 
greater diſtance from him, riſing when the ſun 
ſets, or ſetting when he riſes. 2 

Jupiler and Saturn likewiſe often appear 
at great diſtances from the ſun. The former 
ſhines with a bright light, the latter with a 
pale faint one. The motion of Saturn among 
the fixed ſtars is ſo flow, that unleſs carefully 
obſerved, and that for ſome time, he will not 
be thought to move at all. | 

The Georginm Sidus is the planet d 
vered by Dr. Herſchel. It is reckoned to be 
twice the diſtance of Saturn from the ſun, but 
cannot be readily perceived without the aſſiſt- 
ance of a teleſcope. 

From the preceding obſervations, any v per- 
ſon may eaſily learn to diſtinguiſh all the 

planets. 
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planets. For if after ſun-ſet he ſees a planet 
nearer the eaſt than the weſt, he may conclude 
that it is neither Mercury nor Venus; and 
may determine whether it be Saturn, Jupiter, 
or Mars, by the colour and light; by which, 
alſo, he may diſtinguiſh between Venus and 
Mercury. 

That the light of cach planet has it's pecu- 
liar linge; and that there are certain fixed 
ſtars that have the ſame tints, was known to 
the Chaldæans. It is an obſervation beſt 
verified in thoſe countries, where the air is 
cleareſt. 

Beſides the motions ich we obſerve in 
all the planets, their apparent magnitudes are 
very different, at different times, Every one 
muſt have obſerved, that Venus, though ſhe 
conſtantly appears with great ſplendor, is not 
always of the ſame ſize: but this difference of 
magnitude is moſt conſpicuous in Mars, it is 
remarkable in Jupiter, bur leſs ſo in Saturn 
and Mercury. | | | 

The only phenomena viſible to the unaſ- 
ſiſted ſight, beſides thoſe already, deſcribed, 
are thoſe unexpected obſcurations of the ſun 
| and moon, called ecligſes, of. which we ſhall | 
hereafter ſpeak more paticularly, 

I'have now deſcribed thoſe appearances, 
which are the moſt ſtriking to every perſon 
whochas paid the leaſt attention to what is 
paſting over his head, The tutor would do 

well 


* 
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well in this place, firſt, to bring his pupil ac- 
quainted with the appearances themſelves, and 
then explain them to him by the globe, or 
ſome other inſtrument. It would not be 
amiſs, if he were now to inſtruc him by prac- 
tical obſervations, and ſhew him, by a ſmall 
quadrant, how to meaſure the elevation of-the 
ſtars, &c. always remembering that young 
minds are ever active in ſearch of impreſ- 
ſions from external objects; and that theſe are 
more permanent than thoſe made by words; 
in the former the mind energizes, and is 
brought into action; in the Etter it is. in 4 
great degree 1 85 
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„CC 7» ab 


Or THE COPERNICAN OR SOLAR SYSTEM, 


FTER having ſtated what would be the 

appearances of the heavenly bodies, if we 
were placed at the center of the ſyſtem, and 
then given a general view of their phenomena, 
as ſeen from the earth; it will now be proper 
to ſhew how the irregularities that are diſco- 
vered in one ſituation, are to be reconciled 
with the harmony and order that would be 
viſible if they were to be ſeen from. the other ; 
or in other words, to ſhew why the motions of 
the planets appear to us fo difterent from what 
they really are. 

One of the ends for which man was form- 
ed, is to correct appearances and errors, by 
the inveſtigation of truth: whoever conſiders 
him attentively, from infancy to manhood, and 

from 
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from manhood to old age, will find him ever 

buſy in endeavouring to find ſome reality, to 
ſupply the place of the falſe appearances, by 
which he has hitherto been deceived. 

It is the buſineſs of the preſent part of this 
eſſay to correct the errors ariſing from appear- 
ances, and to point out truth by a brief detail 
of the principal parts of the Copernican ſyſ- 
tem, which is now univerſally received, be- 

| cauſe it rationally accounts for, and accords 
with, the phenomena of the heavens. 

« At the appointed time, when it pleaſed 
the ſupreme diſpenſer of every good gift. to 
reſtore light to a bewildered world, and more 
particularly to manifeſt his wiſdom in the 
ſimplicity, as well as in the grandeur of his 
works, he opened the glorious ſcene with a 
revival of ſound aſtronomy ;*'* and raiſed up 
Copernicus to diſpel the darkneſs in which it 
was then involved. 

The Copernican ſyſtem conſiſts of the ſun, 
ſeven primary, fourteen ſecondary planets, and 
the comets. 

The ſeven planets, Mercury, venus, wb 
Earth, Mars, Jupiter, Saturn, and the Geor- 
gium Sidus, move round the ſun, F in orbits 

included one within the other, and in the 
order 


* Pri ngle's Six Diſcourſes to the Royal Society. 


+ The ſun is not abſolutely at reſt, being ſubject ton 
ſmall degree of motion, which is conſidered in | Larger works 
on aſtronomy. 1 i 
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order here uſed in mentioning their names, 
Mercury being that which is neareſt the ſun. 

The ſeven, which revolve round the ſun as 
their center, are called primary planets. 

The fourteen planets, which revolve round 
| the primary ones as a center, and are at the 
ſame time carried round the ſun with them, 
are called /econdary planets, moons, or ſatellites. 

The Georgium Sidus 1s attended by two 
moons, Saturn by ſeven, Jupiter by four, and 
the Earth by one; all of thefe, excepting the 
laſt, are inviſible to the naked eye, on account 
of the ſmallneſs of their ſize, and the greatneſs 
of their diſtance from us. | x 

Mercury and Venus being within the 
Earth's orbit, are called inferior planets ; but 
Mars, Jupiter, Saturn, and the Georgium Si- 
dus, being without it, are called ſuperior pla- 


nets. | 
Ihe orbits of all the planets are elliptical ; 


but as the principal phenomena of the Coper- 
nican ſyſtem may be ſatisfactorily illuſtrated, 
by conſidering them as circular, the latter 
ſuppoſition is uſually adopted in giving a gene- 
ral idea of the diſpoſition and motion of the 
heavenly bodies. 

Before we enter into a deſcription of the 
ſolar ſyſtem, it may be neceſſary to define what 
is meant by the ax7s of a planet; leſt the pupil 
ſhould conceive them to turn on ſuch material 

ST OH 
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axes, as are uſed in the mychines which are 
contrived to repreſent the panetary ſyſtem. 

The axis of a planet is (a line conceived to 
be drawn through it's centeꝭ and about which 
it is conceived to turn, in the courſe of it's revo- 
lution round the ſun: the extremities of this 
line terminate in oppoſi ints of the ſurface 
of the planet, and are called it's poles ; that 
which points towards the northern part of the 
heaven, is called the nor/b pole; that which 
points towards the ſouthern, the /ou1h pole. A 
ball whirled from the hand into the open air, 
turns round upon a line within itſelf, while it is 
moving forward ; ſuch a line as this is meant, 
when we ſpeak of the axis of a planet. 

Fig. 1, plate I. repreſents the ſolar ſyſtem, 
wherein O denotes the ſun; A B the circle 
which the neareſt planet, Mercury, deſcribes in 
moying round it; C D that in which Venus 
moves; F G the orbit of the earth; H K that 
of Mars; I N that of Jupiter; O P that of 
Saturn; and Q R that of the Georgium Sidus. 
Beyond this are the ſtarry heavens. | 

The ſun and the planets are ſometimes ex- 


preſſed by marks or characters, inſtead of writ- 


ing their names at length. The characters are 
as follow: O the ſun, & Mercury, fr Venus, 
S the Earth, 4 Mars, JJ Jupiter, h h Saturn, 
tk Georgium Sidus. N 


af... ies 
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Or THE SUN. 


The un is the center of the ſyſtem, round 
which the reſt of the planets revolve. It is the 
firſt and greateſt object of aſtronomical know- 
ledge, and is alone enough to ſtamp a value on 
the ſcience, to which the ſtudy of it belongs. 
The ſun is the parent of the ſeaſons; day and 
night, ſummer and winter, are among it's ſur- 
priſing effects. All the vegetable creation are 
the offspring of it's beams; our own lives are 
ſupported by it's influence. Nature revives, 
and puts on a new face, when it approaches 
nearer to us in ſpring; and ſinks into a tempo- 

rary death at his departure from us in the winter. 
Hence the ſun was, with propriety, called 
by the ancients cor cæli, the heart of heaven; for 
: as the heart is the center of the animal ſyſtem, 
ſo is the ſun the center of our univerſe. As the 
heart is the fountain of the blood, and the centcr 
of heat and motion; ſo is the fun the life and 
heat of the world, and the firſt mover of the 
mundane ſyſtem. When the heart ceaſes to 
beat, the circuit of life is at an end; and if the 
fun ſhould ceaſe to act, a total ſtagnation would 
take place throughout the whole frame of 
nature. | 
The ſun is placed near "he center of the 
orbits of all the planets, and turns round his axis 
in twenty-five 4 days. His apparent diameter, 
at a mean diſtance from the earth, is about 
thirty-two minutes, twelve ſeconds, 
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Thoſe who are not accuſtomed to aſtrono- ' 


mical calculation, will be ſurprized at the real 
magnitude of this luminary; which, on ac- 
count of it's diſtance from us, appears to the 
eye not much larger than the moon, which 
is only an attendant on our earth. When 
looking at the ſun, they are viewing a globe, 
whoſe diameter is 890,000 Engliſh miles; 


Whereas the earth is not more in diameter 


than 7970 miles: ſo that the ſun is about 
1,392,500 times bigger than the earth. Thus 
as it is the fountain of light and heat to all the 
planets, ſo it alſo far ſurpaſſes them in it's 
bulk. | 


If the ſun were every where equally bright, 


his rotation on his axis would not be percep- 


tible; but by means of the ſpots, which are 


viſible on his pure and lucid ſurface, we are 
enabled to diſcover this motion. 

When a ſpherical body is near enough to 
appear of it's true figure, this appearance is 
owing to the ſhading upon the different parts 
of it's ſurface: for as a flat circular piece of 
board, when it is properly ſhaded by painting, 
will look like a ſpherical body; ſo a ſpherical 
body appears of it's true ſhape, for the ſame 
reaſon that the plane board, in the preſent in- 
ſtance, appears ſpherical. But if the ſphere 
be at a great diſtance, this difference of ſhad- 
ing cannot be diſcerned by the eye, and con- 

D ſequently 
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ſequently the ſphere will no longer appear of 
it's true ſhape; the ſhading is then loſt, and it 
ſeems like a flat circle. 

It is thus with the ſun; it appears to us 
like a bright flat circle, which flat circle is 
termed the ſun's diſk. By the aſſiſtance of 
teleſcopes dark ſpots have been obſerved on 
this diſk, and found to have a motion from eaſt 
to welt; their velocity is greater when they 
are at the center, than when they are near the 
limb. They are ſeen firſt on the eaſtern ex- 
tremity, by degrees they come forwards to- 
wards the middle, and ſo, paſs on till they 
reach the weſtern edge; they then diſappear ; 
and after they have lain hid about the ſame 
time that they continued viſible, they appear 
®again as at firſt. By this motion we diſcover 
not only the time the ſun employs in turning 
round his axis, but alfo the inclination of his 
axis to the plane of the ecliptic.* 

The page of hiſtory informs us, that there 
have been periods, when the ſun has wanted 
1 * 


* The young obſerver may view the ſpots of the ſun with 
à refrafting teleſcope of two or three feet, or a reflecting 
one of 12 inches, 18 inches, or two feet, taking care to 
guard the eye with a dark glaſs, to take off the glaring light: 
or the image or picture of the ſun, with his ſpots, may be 
thrown into a dark room, through a teleſcope, and received 
upon a piece of paper placed nearer or further from the glaſs 
at pleaſure. : 
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35 
of it's accuſtomed brightneſs, ſhone with a 
dim and obſcure light for the ſpace of a whole 
year. This obſcurity has been ſuppoſed to 
ariſe from his ſurface being at thoſe times 
covered with ſpots. Spots have been ſeen 
that were much larger than the earth. | 
Ihe ſun is ſuppoſed to have an atmo- 
ſphere, which occaſions that appearance which 
is termed the ⁊odiacal light. This light is 
ſeen at ſome ſeaſons of the year, either a little 
after ſun-ſet, or a little before ſun-riſe. It is 
faintly bright, and of a whitiſh colour, reſem- 
bling the milky way. In the morning it be- 
comes brighter and larger, as it riſes above 
the horizon, till the approach of day, which 
diminiſhes it's ſplendor, and renders it at laſt 
inviſible. It's figure is that of a flat or lenti- 
cular ſpheroid, ſeen in profile. The direction 
of it's longer axis coincides with the plane of 
the ſun's equator, But it's length is ſubject 
to great variation, ſo that the diſtance of it's 

ſummit from the ſun, varies from 45 to 120 

degrees. It is ſeen to the beſt advantage 

about the ſolſtices. It was firſt deſcribed and 
named by Caſſini, in 1683; it was noticed by 

Mr. Childrey, about the year 1650. 
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Or THE INFER1OR PLANETS, MERCURY AND 
VENUs. 


Or Mxrcury. Y 


Of all the planets, Mercury is the leaſt; at 
the ſame time, it is that which is neareſt the 
ſun. It is from his proximity to this globe of 
light, that he is ſo ſeldom within the ſphere 
of our obſervation, being loſt in the ſplendor 
of the ſolar brightneſs; yet it emits a very- 
bright white light. Ir is oftener ſeen in thoſe 
parts of the world, which are more ſouthward 
than that which we inhabit; and oftener to us 
than to thoſe who. live nearer the north pole; 
for the more oblique the ſphere is, the leſs is 
the planet's elevation above the horizon. 

Mercury never removes but a few degrees 
from the ſun. The meaſure of a planet's 
ſeparation, or diſtance, from the ſun, is called 
it's elongation. Flis greateſt elongation 1s 
little more than 28 degrees, or about as far as 
the moon appears to be from the ſun, the 
ſecond day after new moon. In ſome of it's 
revolutions, the elongation is not more than 
18 degrees. 

Mercury is computed to be 37 millions 
of miles from the ſun, and to revolve round 
him in 87 days, 23 hours, and nearly 16 mi- 
nutes, which is the meaſute of it's year, about 
one-fourth of our's. As from the nearneſs of 

this 


ASTRONOMICAL FSSAYS. 37 


this planer to the ſun, we neither know the 
time it revolves round it's axis, nor the incli- 
nation of that axis to the plane of it's orbit, 
we are neceſſarily ignorant of the length of it's 
day and night, or the variety of ſeaſons it may 
be liable to. Mercury is 3000 miles in dia- 
meter. Large as Mercury, when thus con- 
ſidered, appears to be, it is but an atom, when 
compared with Jupiter, whoſe diameter is 
90,000 miles. It's apparent diameter, at a 
mean diſtance from the earth, is 20 ſeconds. 
Mercury is ſuppoſed to move at the rate 
of 110,680 miles per hour. The ſun is above 
26,009,000 times as big as Mercury; fo that 
it would appear to the inhabitants of Mercury 
nearly three times larger than it does to us; 
and it's diſk, or face, about ſeven times the 
ſize we ſee it. As the other five planets are 
above Mercury, their phenomena will be 
nearly the ſame to it as to us. Venus and the 
earth, when in oppoſition to the ſun, will 
ſhine with full orbs, and afford a brilliant ap- 
pearance to the Mercurian ſpectator. 
Mercury, like the moon, changes it's 
phaſes, according to it's ſeveral poſitions with 
_ reſpect to the ſun and earth. He never ap- 
pears quite round or full to. us, becauſe his 
enlightened fide is never turned directly to- 
wards us, except when he is ſo near the ſun, 
as to become inviſible. The times for making 
D3 | the: 
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the moſt favourable obſervations on this pla- 
net, are, when it paſſes before the ſun, and is 
ſeen traverſing his diſk, in the form of a black 
ſpot. This paſſage of a planet over the face 
of the ſun, is called a tranſt. It happens in 
it's lower conjunction, at a particular ſituation 
of the nodes; which leads us to mention their 
place in the ecliptic. 
The angle formed by the inclination of 
Ahe orbit of Mercury with the plane of the 
ecliptic, is 6 59'; the node from which Mer- 
cury aſcends northward, above the plane of 
the ecliptic, is 169 1' 30”; in, Taurus, the op- 
poſite one, 14* 1' 24”; in Sagittarius, it's 
nodes move forward about 50“ per year. 

If Mercury, at his inferior conjunction, 
comes to either of his nodes about theſe times, 
he will appear to frauſit over the diſk of the 
ſun. But in all other parts of his orbit his 
conjunctions are inviſible, becauſe he either 
goes above or below the ſun, 


Or Venus. 2 


Venus is the brighteſt and largeſt, to ap- 
pearance, of all the planets, diſtinguiſhed 
from them all by a ſuperiority of luſtre; her 
light 1 is of a white colour, and ſo conſiderable, 
that in a duſky place ſhe projects a ſenſible 


ſhade. 
The 
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The diameter of Venus is 9, 699 miles; her 
diſtance from the ſun is 69,500,000 miles; ſhe 
goes round the ſun in 224 days, 16 hours, 49 
minutes, moving at the rate of 80, 995 miles 
per hour. Her motion round her axis has been 
fixed by ſome at 23h. 22m. ; by others at above 
24 days. She, like Mercury, conſtantly at- 
tends the ſun, never departing from him above 
47 or 48 degrees. Like Mercury, ſhe is never 
Teen at midnight, or in oppoſition to the ſun, be- 
ing viſible only for three or four hours in the 
morning, or evening, according as ſhe is be- 
fore or after the ſun. 

One would not imagine that this planet, 
which appears fo much ſuperior to Saturn in 
the heavens, is ſo inconfiderable when com- 
pared to it; for the diameter of Saturn is 
nearly 78, ooo miles; while, on the other hand, 
one would ſcarce imagine that Venus, which 
appears but as a lucid ſpangle in the heavens, 
was ſo large a globe as ſhe truly is, her diameter 
being 7,699 miles. It is the dance which 
produces theſe effects; which gives and takes 
away the magnitude of things. Her apparent 
ſize varies with her diſtance; at ſome ſeaſons 
ſhe appears nearly 32 times larger than at 
others. 

When this planet is in that part of it's or- 
bit which is weſt of the ſun, that is, from 


her inferior to her ſuperior conjunction, - ſhe 
SS riſes 
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riſes before him in the morning, and is called 
phoſphorus, or lucifer, or the morning ſtar. 
When ſhe appears caſt of the ſun, that is, from 
her ſuperior to her inferior conjunction, ſhe ſets 
in the evening after him; or, in other words, 
ſhines in the evening after he ſets, and is cal- 
led heſperus, or veſper, or the evening tar. 
The inhabitants of Venus fee the planet 
Mercury always accompanying the ſun; and 
he is to them, by turns, an evening or a morn- 
ing ſtar, as Venus is to us. To the ſame i- 
habitants, the ſum will appear almoſt twice as 
large as he does to us. 

; Venus, when viewed through a teleſcope, 
is ſeldom ſeen to ſhine with a full face; but 
has phaſes, juſt like the moon, from the fine 
thin creſcent to the enlightened hemiſphere. 
Her illuminated part is conſtantly turned to- 
wards the ſun; hence it's horns are turned to- 
wards the eaſt when it is a morning ſtar, and 
towards the weſt when it is an evening ſtar, 
Some aſtronomers have thought they perceived 

_ a ſatellite moving round Venus; but as ſuc- 
ceeding obſervers have not been able to verify 
their obſervations, they are ſuppaſed to have 
originated in error. In obſerving the tranſit 
of Venus, Mr. Dunn, and other gentlemen, 
ſaw a penumbra which took place about five 
ſeconds before the contact, preceding the 
egreſs of the planet; and from thence they 

concluded, 
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concluded, that it had an atmoſphere of about 
50 geographical miles in height. 

We are told, that, when Copernicus firſt 
publiſhed his account of the ſolar ſyſtem, it 
was objected to him that it could not be true, 
| becauſe, if it was, the inferior planets muſt 
have different pha/es, according to their dif- 
ferent ſituation with reſpect to the ſun and 
earth; whereas they always appear round to 
us. The anſwer ſaid to be made by him, is, 
that they appear round to the eye by reaſon of 
their diſtance; but if we could have a nearer, 
or more diſtinct view of them, we ſhould /ee in 
them the ſame phaſes we do in the moon. The 
invention of teleſcopes is ſaid to have verified 
this prediction of Copernicus. But it is nei- 
ther probable, that a defender of the Ptole- 
maic ſyſtem ſhould make ſuch an objection, 
or Copernicus ſuch an anſwer; ſince in the 
Ptolemaic, as well as in the Copernican ſyſ- 
tem, the ſhape of theſe planets ought to 
change, juſt as the moon does; conſequently, 


the mere change of ſhape in the inferior planets * 


is an argument, which, in the common way 
of urging it, proves nothing at all as to the 


truth or falſhood of the Copernican ſyſtem. . 


If, beſides the changes of ſhape made in the 
inferior planets, we conſider the ſituation of 
the planets with reſpe& to the ſun, when 
thefe changes happen; this, indeed, will ſhew 


us, 


| 
| 
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us, that the Ptolemaic ſyſtem is falſe,* as will 
be ſeen in a ſubſequent part of theſe eſſays. 
Venus is ſometimes ſeen paſſing over the 
diſk of the ſun, as a round dark ſpot. Theſe 
appearances, which are called tranſits, happen 
very ſeldom; though there have been two 
within theſe few years, the one in June 1761, 
the other in June 1769; the next will be in 


the year 1874. 


Or TE EARTH. @ 


The next planet that comes before us is 
the earth that we inhabit; ſmall as it really is 
when compared to ſome of the other planets, 
it is to us of the higheſt importance: we wiſh 
only to attain knowledge of others, that we 

may find out their relation to this, and from 
thence learn our connection with the univerſe 
at large. But when viewed with an eye to 
eternity, it's value to us is heightened in a 
manner that exceeds expreſſion, and ſurpaſſes 
all the powers of the human mind. He alone 
can form ſome idea of it, who in the regions 
of celeſtial bliſs is become a partaker of the 
length and breadth, the depth and height, of 


divine love. 


The 


* Rutherford's » mts of Natural Philoſophy, vol. 2, 
p. 781. 
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The orbit of the earth is placed between 
thoſe of Venus and Mars. The diameter of 
the earth is 7970 miles; it's diſtance from the 
ſun is 96 millions of miles, and goes round 
him in a year, or 365 days, 6 hours, 9 minutes, 
moving at the rate of 68,856 miles per hour. 
It's apparent diameter, as ſeen from the ſun, is 
about 21 ſeconds. 

It turns round it's axis, from weſt to eaſt, in 
24 hours, which occaſions the apparent diur- 
nal motion of the ſun, and all the heavenly 
bodies round it, from eaſt 10 weſt, in the ſame 
time; it is, of.courſe, the cauſe of their rung 
and ſetting, of day and night. 

The axis of the earth is inclined 234 de- 
grees to the plane of it's orbit, and keeps in a 
direction parallel to itſelf, throughout it's an- 
nual courſe, which cauſes the returns of ſpring 
and ſummer, autumn and winter. Thus his 
diurnal motion gives us the grateful viciſſitude 
of night and day, and his annual motion the 
regular ſucceſſion of ſeaſons... 


Or Tus Moon. ( 5 


Next to the ſun, the moon is the moſt 
ſplendid and ſhining globe in the heavens, the 
ſatellite, or inſeparable companion of the 
earth. By diſſipating, in ſome meaſure, the 


darkneſs and horrors of the night; ſubdividing 
the 
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the year into months; and regulating the flux 
and reflux of the ſea ; ſhe not only becomes a 
pleaſing, but a welcome object; an object 
affording much for ſpeculation to the contem- 


_ plative mind, of real uſe to the navigator, the 


traveller, and the huſbandman. The Hebrews, 


the Greeks, the Romans, and, in general, all 


the ancients, uſed to aſſemble at the time of 
new moon, to diſcharge the duties of piety and 


gratitude for it's manifold uſes. 


That the moon appcars fo much larger than 
the other planets, is owing to her vicinity to us; 
for to a ſpectator in the ſun ſhe would be 
ſcarcely viſible, without the aſſiſtance of a 
teleſcope. Her diſtance is but {mall from us, 
when compared with that of the other heavenly - 
bodies ; for among theſe, the leaſt abſolute diſ- 
tance, when put down in numbers, will appear 
great, and the ſmalleſt magnitude immenſe. 

The moon is 2161 miles in diameter ; her 


bulk is about 2 of the earth's ; her diſtance 


from the center of the earth 240,000 miles ; 
ſhe goes round her orbit in 27 days, 7 hours, 
43 minutes, moving at the rate of 2299 miles. 
per hour. The time in going round the earth, 
reckoning from change to change, is 29 days, 
12 hours, 44 minutes, Her apparent diameter 
at a mean diſtance from the earth is 31” 164“; 

but as viewed from the ſun, at a mean diſtancg 
about 6", | 


Her 
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Her orbit is inclined to the ecliptic, in an 
angle of 5 degrees, 18 minutes, cutting it in 
two points, which are diametrically oppoſite 
to each other; theſe points are called her nodes. 
Her nodes have a motion weſiward, or contrary 
to the order of the ſigns, making a complete 
revolution in about 19 years; in- which time, 
each node returns to that point of the ecliptic 
whence it before receded. 

If the moon were a body poſſeſſing native 
light, we ſhould not perceive any diverſity of 
appearance; but as ſhe ſhines entirely by light 
received from the ſun, and reflected by her ſur- 
face, it follows, that, according to the ſituation 
of the beholder with reſpect to the illuminated 
part, he will ſee more or leſs of her reflected 
beams, for only one half of a globe can be 
enlightened at once. & | 

Hence, while ſhe is making her revolution 
round the heavens, ſhe undergoes great changes 
in her appearance. She is ſometimes on our 
meridian at midnight, and therefore in that part 
of the heavens which is oppoſite to the ſun ; in 
this ſituation ſhe appears as a complete circle, 
and it is ſaid to be full moon. As ſhe moves 
eaſtward, ſhe becomes deficient on the weſt 
ſide, and in about 74 days comes to the meri- 
dian, at about ſix in the morning, having the 
appearance of a ſemicircle, with the convex 
fide turned towards the ſun ; in this ſtate, her 

appear- 
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appearance is called the half moon, Moving 


on ſtill eaſtward, ſhe becomes more deficient 


on the weſt, 'and has the form of a creſcent, 
with the convex ſide turned towards the ſun; 
this creſcent becomes continually more ſlender, 
till about fourteen days after the full moon ſhe 
isAo near the ſun, that ſhe cannot be ſeen, on 
account of his great ſplendor. About four 
days after this diſappearance, ſhe is ſeen in the 
evening, a little to the eaſtward of the ſun, in 
the form of a fine creſcent, with the convex 
fide turned from the ſun ; moying ſtill to the 
eaſtward, the creſcent becomes more full; and 
when the moon comes to the meridian, about 
ſix in the evening. ſhe has. again the appearance 
of a bright ſemicircle advancing ſtill to the 


eaſtward ſhe becomes fuller on the eaſt ſide; 


at laſt, in about 294 gays, ſhe is again oppoſite 
to the ſun, and again full. 
It frequently happens, that the moon is eclip- 
ed when at the fall ; and that the /ur is ecligſed 
ſome time between the difappearance of the 
moon in the morning on the weſt fide of the 
ſun,” and her appearance in the evening on the 
eaſt ſide of the ſun. The nature of theſe pheno- 
mena will be more fully conſidered, when we 
come to treat particularly of eclipſes. 
In every revolution of the moon about the 
earth, ſhe turns once round upon her axis, and 
therefore always preſents the fame face to our 


view; 3 
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view; and as, during her courſe round the 
earth, the ſun enlightens ſucceſſively every part 


of her globe only once, conſequently ſhe has 


but one day in all that time, and her day and 
night together are as long as our lunar month. 
As we ſee only one fide of the moon, we are 
therefore inviſible to the inhabitants on the 
oppoſite ſide, without they take a journey to 
that ſide which is next to us, for which pur- 
poſe ſome of them muſt travel more than 1500 
miles. | 

As the moon illuminates the earth by a 
light reflected from the ſun, ſhe is reciprocally 
enlightened, but in a much greater degree, by 
the earth; for the ſurface is above thirteen 
times greater. than that of the moon; and 
therefore, ſuppoſing their power of reflecting 
light to be. qual, the earth will reflect thir- 
teen times more light on the moon than ſhe 
receives from it. When it is what we call new 


moon; we ſhall appear as a full moon to the 


Lunarians ; as it increaſes in light to us, our's 
will decreaſe to them: in a word, our earth 
will exhibit to them the ſame phaſes as ſhe 
does to us. 2 el 
We have already obſerved, that from one 
half of the moon the earth is never ſeen ; from 
the middle of the other half, it is always ſeen 
over head, turning round almoſt thirty times 
as quick as the moon does. To her inhabi- 


tants, 
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tants, the earth ſeems to be the largeſt body 
in the univerſe, about thirteen times as large 
to them, as ſhe does to us. As the earth turns 
round it's axis, the ſeveral continents and 
iſlands appear to the Lunarians as ſo many 
ſpots, of different forms; by theſe ſpots, they 
may determine the time of the carth's diurnal 
motion ; by theſe ſpots, they may, perhaps, 
meaſure their time,—they cannot have a better 
dial. 


Or THE SUPERIOR PLANETS. 


Mars, Jup, Saturn, and the Georgium 
Sidus, are called ſuperior planets, becauſe they 
are higher in the ſyſtem, or farther from the 
center of it, than the earth is. 

They exhibit ſeveral phenomena, — 
are very different from thoſe of Mercury and 
Venus; among other things, they come to our 
meridian both at noon and midnight, and are 
never ſeen croſſing the ſun's diſk. : 


Or Mans. 8 


Mars is the leaſt bright and elegant of all 
the planets; it's orbit lies between that of the 
earth and Jupiter, but very diſtant from both. 
He appears of a duſky reddiſh hue; from the 


Arbe of his appearance, many have con- 
| | en 
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jectured that he is encompaſſed with a thick 
cloudy atmoſphere; his light is not near ſo 


bright as that of Venus, though he is ſome- 


times nearly equal to her in ſize, 

Mars, which appears ſo inconſiderable in 
the heavens, is 5,309 miles in diameter, It's 
diſtance from the ſun is 146,000,000 miles. 
It goes round the ſun in 1 year, 321 days, 23 
hours, moving at the rate of 55, 287 miles per 
hour. Ir revolves round it's axis in about 24 
hours, 40 minutes. To an inhabitant in Mars, 


the ſun would appear one-third lefs in diameter 


than it does to us. It's apparent diameter, as 
viewed at a mean diſtance from the earth, is 
. f . 
lars, when in oppoſition to the ſun, is five 
times nearer to us than when in conjunction. 
This has a very viſible effect on the appearance 
of the planet, cauſing him to appear much 
larger at ſome periods than at others. 
The analogy between Mars and the earth is 
by far the greateſt in the whole ſolar ſyſtem; 


their diurnal motion is nearly the ſame; the 


obliquities of their reſpective ecliptics not very 


different. Of all the ſuperior planets, that of 
Mars is by far the neareſt like the earth : nor 
will the Martial year appear fo diſſimilar to 


our's, when we compare it with the long dura- 


tion of the years of Jupiter, Saturn, and the 
Georgium Sidus. It probably has a con- 
es E 5 ſiderable 
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ſiderable atmoſphere ; for beſides the perma- 
nent ſpots on it's ſurface, Dr. Herſchel has 
often perceived occaſional changes of partial 


bright belts, and alfo once a darkiſh one ina 


pretty high latitude; alterations which we can 
attribute to no other cauſe than the variable 


- difpoſition of clouds and vapours floating 1 in 


the atmoſphere of the planet. 
A ſpectator in Mars will rarely, if ever, ſee 


Mercury, except when he ſees it paſſing over 


the ſun's diſk. Venus will appear to him at 


about the ſame diſtance from the ſun, as Mer- 


cury appears to us. The earth will appear 
about the ſize of Venus, and never above 48 
degrees from the ſun; and will be, by turns, a 
morning and evening ſtar to the inhabitants of 


Mars. It appears, from the moſt accurate 


obſervations, that Mars is a ſpheroid, or flatted 


ſphere, the equatorial diameter to the polar | 


being in the proportion of about 131 to 1273 
and there is reaſon to ſuppoſe, that all the 
planets are of this ſigure. 


1 


Or Jorir ER. 


Jupiler is ſituated ſtill higher in the ſyſtem, 
,revolving round the ſun, between Mars and 
Saturn. It is the largeſt of all the planets, and 
eaſily diſtinguiſhed from them by his peculiar 


magnitude and light. To the naked eye it ap- 
5 a, pears 


KWP Bos Ant 
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' pears almoſt as large as Venus, but not alto- 
gether ſo bright. 

Jupiter revolves round it's axis in 9g hours, 
56 minutes; it's revolution in it's orbit to the | 
ſame point of the ecliptic is 11 years, 314 days, 
10 hours. The diſproportion of Jupiter to 
the earth, in ſize, is very great; viewing him 
in the heavens, we conſider him as ſmall in 
magnitude; whereas he is in reality 90, 228 
miles in diameter; his diſtance from the ſun is 
494, ) 50, 00 miles; he moves at the rate of 
rather more than 29,083 miles per hour. It's 
apparent diameter, as ſeen at a mean diſtance 
from the earth, is 39". | 
Io an eye placed in Jupiter, the ſun would 
not be a fifch part of the ſize he appears to us, 
and his diſk be 2 5 times leſs. Though Jupiter 
be the largeſt of all the planets, yet it's revolu- 
tion round it's axis is the ſwifteſt. The polar 
axis is ſhorter than the equatorial one, and his 
axis perpendicular to the plane of his orbit. 

Jupiter, when in oppoſition to the ſun, is 
much nearer the earth, than when he is in con- 
junction with him; at thoſe times he appears. 
alſo larger, and more luminous than at other 
times. 8 | 
In Jupiter, the days and nights are of an 
equal length, each being about five hours long. 
We have already obſerved, that the axis of his 
diurnal rotation is nearly at right angles to the 

E 2 plane 
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plane of his annual one, and conſequently there 


can be ſcarce any difference in ſeaſons ; and 
here, as far as we may reaſon from analogy, 
we may diſcover the footſteps of wiſdom : for 
if the axis of this planet were inclined by any 
conſiderable number of degrees, juſt ſo many 
degrees round each pole would, in their turn, 
be almoſt ſix years in darkneſs ; and as Jupiter 
is of ſuch an amazing fize, in this caſe im- 
menſe regions of land would be uninhabitable. 
Jupiter is attended by four ſatellites, or 
moons ;- theſe are inviſible to the naked eye; 
but through a teleſcope they make a beautiful 
appearance. As our moon turns round the 
earth, enlightening the nights, by reflecting 


the light ſhe receives from the ſun ; ſo theſe 


alſo enlighten the nights of Jupiter, and move 
round him in different periods of times, pro- 
portioned to their ſeveral diſtances: and as the 
moon keeps company with the earth in it's an- 
nual revolution round the ſun, ſo theſe accom- 
pany Jupiter in it's courſe round that luminary. 

In ſpeaking of the ſatellites, we diſtinguiſh 


| them according to their places; into the firſt, 


the diſk of the ſun. 


the ſecond, and ſo on; by the firſt, we mean 


that which is neareſt to the planet. 


The outermoſt of Jupiter's ſatellites will 
appear almoſt as big as the moon does to us; 
five times the diameter, and twenty five times 
The four ſatellites muſt 
afford | 


* 


* | 
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afford a pleaſing ſpectacle to the inhabitants 
of Jupiter; for - ſometimes they will rife 
all together, ſometimes be all together on 
the meridian, ranged one under another, 
beſides frequent eclipſes. Notwithſtanding 
- the. diſtance of Jupiter and his fatellites 
from us, the eclipſes thereof are of conſider- 
able uſe, for aſcertaining -with accuracy the 
longitude of places. From the four ſatellites 
the inhabitants of Jupiter will have four dif- 
ferent kinds of months, and the number of 
them in their year not leſs than 4, 500. | 


An aſtronomer in Jupiter will never ſee 


Mercury, Venus, the Earth, or Mars; becauſe, 
from the immenſe diſtance at which he is 
placed, they muſt appear to accompany the 
ſun, and riſe and ſet with him; but then he 
will have for the objects of obſervation, his 
own four moons, Saturn, his ring and ſatellites, 
and probably the Georgium Sidus. 


Or SaTuRN. h 


Before the diſcovery of the Georgium 


Sidus, Saturn was reckoned the moſt remote 


planet in our ſyſtem; he ſhines but with a pale 
feeble light, leſs bright than Jupiter, though 
leſs ruddy than Mars. The uninformed eye 
imagines not, when it is directed to this little 
ſpeck of light, that it is viewing a large and 


glorious globe, one of the moſt ſtupendous of 
j E 3 N the 
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I [f i the planets, whoſe diameter is nearly 78,000 
1104; miles. We-need not, however, be ſurprized 
| Wt | at the vaſt bulk of Saturn, and it's diſpropor- 
in tion to it's appearance in the heavens; for we 
"ht | | are to conſider that all objects decreaſe in 
| "ol 1: their apparent magnitude, in proportion to 
1108! their diſtance; but the diſtance of Saturn is 
| Þs i immenſe; that of the earth from the ſun is 
i 10 96, ooo, ooo miles; of Saturn, 916,500,000 
TRAY The length of a planet's year, or the time 
I ; fl of it's revolution round it's orbit, is propor- 
„ tioned to it's diſtance from the ſun. Saturn 
it | 0 goes round the ſun in 29 years, 167 days, 
Nm" 1 6 hours, moving at the rate of rather more 
| 1 than 22,298 miles per hour. His apparent 
Mn g 3 diameter at a mean diſtance from the earth 
|| 1 is 16“. A | | 
| Tit '| un | It has not yet been aſcertained with cer- 
| 10 h | OY tainty by aſtronomical * obſervation, whether 
| Ti Saturn revolves or not upon his axis. The 
ids i 1 ſun's diſk will appear ninety times leſs to an 
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inhabitant of Saturn, than it does to us; but 
notwithſtanding the ſun appears ſo ſmall to the 
inhabitants of the regions of Jupiter and Sa- 
turn, the light that he will afford them is 
much more than would be at firſt ſuppoſed; 
0 and calculations have been made, from which 
it is inferred, that the ſun will afford 500 
times as much light to Saturn, as the full moon 
tous; and 1600 times as much to. Jupiter. 
| Ta 
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To eyes like our's, unaſſiſted by inſtruments, 


Jupiter and the Georgium Sidus would be the 
only planets ſeen from Saturn, to whom J. 


piter would ſometimes be a morning, ſome- 
times an evening ſtar. 


One of the firſt diſcoveries of the teleſcope, 


when brought to a tolerable degree of perfec- 
tion, was, that Saturn did not appear like other 
planets. Galileo, in 1610, ſuppoſed it com- 
poſed of 3 ſtars, or globes, a larger in the mid- 
dle, and a ſmaller on each ſide; and he con- 
tinued his obſervations till the two leſſer ſtars 
diſappeared, and this planet looked like the 
others. Further obſervation ſhewed that what 
Galileo took for two ſtars, were parts of a ring. 
This. ſingular and curious appendage to the 
planet Saturn, is a thin, broad, opake ring, 
encompaſſing the body of the planet, without 


touching it, like the horizon of an artificial 


| globe, appearing double when viewed through 


a good teleſcope. The ſpace between the ring 
and the globe of Saturn, is ſuppoſed to be ra- 


ther more than the breadth of the ring, and the 
greateſt diameter of the ring to be in propor-! 


tion to that of the globe, as 7 to 3; the plane 


. of the ring is inclined 'to the plane of the 


ecliptic, in an angle of 30e, and is about 21,000 
miles in breadth. It puts on different ap- 
pearances to us, ſometimes being ſeen quite 


open, at others only as a line upon the equator. 
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It is probable, that it will at times caſt a ſhadow | 
over vaſt regions of Saturn's body. The ring 
of Saturn conſidered as a broad flat ring of 
ſolid matter, ſuſpended round the body of the 
planet, and keeping it's place without any 
connection with the body, is quite different 
from all other planetary phenomena with 
which we are acquainted. Of the nature of 
this ring, various and uncertain were the con- 
jectures of the firſt obſervers; though not more 
perplexed, than thoſe of the lateſt. Of it's 


uſe to the inhabitants of Saturn, we are as ig- 


norant as of it's nature: though there are rea- 
ſons for ſuppoſing that it would appear to them 
as little more than a white or bright- coloured 
cloud. Some of the phenomena of Saturn's 
ring will be treated of more ee in 
another part of this eſſay. 

Saturn is not only furniſhed with this beau- 
tiful ring, but it has alſo ſeven attendant moons. 


Or THE Gzoncipic Sibus. Hl 


From the time of Huygens and Caſſini, to 
the diſcovery of the Georgium Sidus by Dr. 
Herſchel, though the intervening ſpace was 
long, though the number of aſtronomers was 
increaſed, though aſſiduity in obſerving was 
aſſiſted by accuracy and perfection in the in- 
ſtruments of obſervation, yet no new diſcovery 
was made in the heavens, the boundaries of 

EF a | 957 
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our ſyſtem were not enlarged. The inquiſitive 
mind naturally inquires, why, when the num- 
ber of thoſe that cultivated the ſcience was 


\ increaſed, when the ſcience itſelf was ſo much 


improved, in practical diſcoveries it was ſo 
_ deficient? A ſmall knowledge of the human 
mind will anſwer the queſtion, and obviate the 
difficulty. The mind of man has a natural 


propenſity to indolence ; the ardour of it's pur- 


ſuits, when they are unconnected with ſelfiſh 
views, are ſoon abated, ſmall difficulties diſ- 
courage, little inconveniences fatigue it, and 
reaſon ſoon finds excuſes to juſtify, and even 
applaud this weakneſs. In the preſent in- 


ſtance, the unmanageable length of the tele- 


ſcofes that were in uſe, and the continual ex- 
poſure to the cold air of the night, were the 
difficulties the aſtronomer had to encounter 


with; and he ſoon perſuaded himſelf, that the 
ſame effects would be produced by ſhorter 
teleſcopes, with equal magnifying power ; here- 


in was his miſtake, and hence the reaſon why 
ſo ſew diſcoveries have been made ſince the 
time of Caſſini. A ſimilar inſtance of the re- 
trogradation of ſcience occurs in the hiſtory of 
the microſcope, as I have N in my eſſays 

on that inſtrument. 
Ihe Georgium Sidus was diſcovered by 
Dr. Herſchel, in the year 1781: for this diſ- 
Pre he obtained from the Royal Society the 
honorary 
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fixed ſtar. 


1 RONOMICAL ESSAYS. 
honorary recompence of Sir Godfrey Copley's 
medal. He named the planet in honour of 

his Majeſty King George III. the Patron of 
ſcience, who has taken Dr. Herſchel under his 
patronage, and granted him an annual ſalary, 
By this munificence he has given ſcope to a 
very uncommon genius, and enabled. him to 
proſecute his favourite ſtudies with unremitted 
ardour. | 

In ſo recent a diſcovery of a lanet fo diſ- 
rant, many particulars cannot be expected. It's 
year is ſuppoſed to be more than 80 ſiderial 
years; it's diameter 34,299 miles; the inclina- 
tion of it's orbit 43' 35“; it's diameter, com- 
pared to that of the earth, as 431,769 to 1; in 
bulk it is 8,049,256 times as large as the 
earth. It's light is of a blueiſh white colour, 
and it's brilliancy between that of the moon 


and Venus. KEY 
Though the Georgium Sidus was not known 


as a planet till the time of Dr. Herſchel, yet 


there are many reaſons to ſuppoſe it had been 
ſeen before, but had then been conſidered as a 
Dr. Herſchel's attention was firſt 
engaged by the ſteadineſs of it's light; this in- 
duced him to apply higher magnifying powers 
to his teleſcope, which increaſed the diameter 
of it: in two days he obſerved that it's place 
was changed; he then concluded it was a 
comet; but 1 in a little time he, with others, de- 

termined 
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termined that it was a planet, from it's vicinity 
to the ecliptic, the direction of it's motion, 
being ſtationary in the time, and in ſuch cir- 
cumſtances as correſpond with ſimilar appcar- 
ances in other planets. 

With a teleſcope, which magnifies about 
300 times, it appears to have a very well-de- 
fined viſible diſk; but with inſtruments of a 
ſmaller power. it can hardly be diſtinguiſhed 
from a fixed ſtar between the ſixth and ſeventh 
magnitude. When the moon is abſent, it may 
alſo be ſeen by the naked eye. 

Dr. Herſchel has ſince diſcovered that it is 
attended by two ſatellites: a diſcovery which 
gave him conſiderable pleaſure, as the little 
ſecondary planets ſeemed to give a dignity to 
the primary one, and raiſe it into a more con- 
ſpicuous ſituation among the great bodies of 
our ſolar ſyſtem. 

As the diſtances of the planets, when 
marked in miles, are a burden to the memory, 
aſtronomers often expreſs their mean diſtances - 
in a ſhorter way, by ſuppoſing the diſtance of 
the earth from the ſun to be divided into ten 
parts. Mercury may then be eſtimated at four 
of ſuch parts from the ſun, Venus at ſeven, the 
earth at ten, Mars at fifteen, Jupiter at fifty- 
two ſuch parts, Saturn at nincty-five, and the 
Georgium Sidus 190 parts. 

By comparing the N of the planets, or 

the 
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the time they take to finiſh their revolutions, 
with their diſtance from the ſun, they are 
found to obſerve a wonderful harmony and 
proportion to each other; for the nearer any 
planet is to the ſun, the ſooner does he finiſh 
his revolution. And in this there is a conſtant 
and immutable law, which all the bodies of the 
univerſe inviolably obſerve in their circula- 
tions; namely, That the ſquares of therr periodi- 
cal times are as the cubes of their diſtances from 
the center of the orbits about which they regu- 
larly perform their motions. We are indebted to 
the ſagacity of Kepler for the diſcovery of this 
law ; he was indeed one of the firſt founders of 
modern aſtronomy. 

'T cannot conclude this general ſurvey of 
the ſolar ſyſtem better than in the words of 
that excellent mathematician, Mr. Maclaurin. 
« The view of nature, which is the immediate 
object of ſenſe, is very imperfect, and of 
ſmall extent; but by the aſſiſtance of art, and 
the aid of reaſon, becomes enlarged, till it loſes 
itſelf in infinity. As magnitude of every 
fort, abſtractedly conſidered, is capable of being 
increaſed to infinity, and is alſo divifible with- 
out end; ſo we find, that in nature the limits of 
the greateſt and leaſt dimenſions of things are 
actually placed. at an immenſe diſtance from 
cach other. N 

«© We can perceive no bounds of the vaſt 

expanſe, 
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expanſe, in which natural cauſes operate, and 
fix no limit,” or termination, to the univerſe. 
The objects we commonly call great, vaniſh, 
when we contemplate the vaſt body of the earth. 
The terraqueous globe itſelf 1s loſt in the ſolar 
ſyſtem; the ſun itſelf dwindles into a ſtar; 
Saturn's vaſt orbit, and all the orbits of the 
comets, crowd into a point, when viewed from 
numberleſs places between the earth and the 
neareſt fixed ſtars. Other ſuns kindle to illu- 
minate other ſyſtems, where our ſun's rays are 
unperceived ; but they alſo are ſwallowed up in 
the vaſt expanſe. When we have riſen ſo high, 
as to leave all definite meaſures far behind us; 
we find ourſelves no nearer to a term, or limit. 

« Our views of nature, however imperfect, 
ſerve to repreſent to us, in a moſt ſenſible 
manner, that mighty power which prevails 
throughout, acting with a force and efficacy 
that ſuffers no diminution from the greateſt 
diſtances of ſpace or intervals of time; and to 
Prove that all things are ordered by infinite 
wiſdom, and perfect goodneſs: ſcenes which 
ſnould excite and animate us to correſpond | 
with the general harmony of nature.“ 


* Maclaurin, 
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Ax ExPLANATION OF VARIOUS' PHENOMENA, 
' AGREEABLE TO THE COPERNICAN SYSTEM. 


Having given a general idea of the Coper- 
nican ſyſtem, and the bodies of which it is 
compoſed, it will be neceſſary to enlarge theſe 
ideas by a more minute deſcription of the par- 
ticular parts, which form this great whole; and 


to ſtrengthen them by the force of that evi- 


dence, on which the ſyſtem is founded. 


*. 


Or HR FicuRE AND or OF THE 
> EARTH, 


The places of the heavenly bodies could 
not be ſettled with accuracy from obſervations 
made on the ſurface of the earth, unleſs it's 
figure and magnitude were previouſly known ; 
and without this knowledge, computations 
from the obſervations of xy bodies, 
for aſcertaining the fituation of places on the 
earth, could not be depended on. | 

I have already obſerved, that the appear- 
ance of the heavenly bodies is not the ſame to 
the inhabitants of various parts of the earth; 
that the ſun, the moon, and the ſtars, riſe and 
ſet in Greenland in a manner very different 
from what they do in the Eaſt Indies, and in 


both places very different to what they do in 


* England: 8 


{ 
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England: and as it was natural to attribute 
the cauſe of this change in the apparent face 
of the heavens, to the figure of the earth, (for 
appearances muſt ever anſwer to the form and 
ſtructure of the things) the nature of this 


figure was, therefore, one of the firſt objects 


of inquiry among philoſophers and aſtrono- 
mers. | 23% 
Some of the ſages of antiquity concluded, 


that the earth muſt neceſſarily be of a ſpherical 


figure, becauſe that figure was, on many ac- 
counts, the moſt convenient for the earth, as 


an habitable world: they alſo argued, that this 


figure was the moſt natural, becauſe any body 


_ expoſed to forces, which tend to one common 


center, as is the, caſe with the earth, would 
neceffarily aſſume a round figure. The aſſent, 


however, of the modern philoſopher to this 
truth, was not determined by ſpeculative rea- 


ſoning; but on evidence, derived from facts 
and actual obſervation. . From theſe I ſhall ſe- 
le& thoſe arguments, that I think will have the 
greateſt weight with young minds. | 
It is known, from the laws of optics and 
perſpective, that if any body, in all ſituations, 


and under all circumſtances, project a circular 


ſhadow, that body muſt be a globe. 
It is alfo known, that eclipſes of the moon 
are cauſed by the ſhadow of the earth. 
And we find, that whether the ſhadow be 
Fee 
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projected towards the eaſt, or the weſt, the 
north, or the ſouth, under every circumſtance 
it is circular: the body, therefore, that caſts 
the ſhadow, which is the earth, muſt be of a 
globular figure. 

We ſhall obtain another convincing FRO 
of the globular ſhape of the earth, by inquiring 
in what manner a perſon ſtanding upon the 
coaſt of the ſea, and waiting for a veſſel which 
he knows is to arrive, ſees that veſſel. We 
ſhall find, that he firſt of all; and at the greateſt 
diſtance, ſees the rop of the maſt riſing out of 
the water; and the appearance is, as if the 
ſhip was ſwallowed up in the water. As he 
continues to obſerve the object, more and 
more of the maſt appears; at length he begins 
to ſee the top of the deck, and by degrees the 
whole body of the veſſel. On the other hand, 
if the ſhip be departing from us, we firſt loſe 
fight of the hull, at à greater diftance the 
main-ſails diſappear, at a ſtill greater the top- 
fail. But if the ſurface of the ſea were a plane, 
the body of the ſhip, being the largeſt part of 
it, would be ſeen firſt, and from the greateſt 
diſtance, and the 'maſts would not be viſible 
till it came nearer. ; 

To render this, if poſſible, ain clearer, let 
us conſider two ſhips meeting at ſea, the top- 
maſt of each are the parts firſt diſcovered by 
both, the hull, &c. being concealed by the 

* | 
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convexity of the globe which riſes between 
them. The ſhips may, in this inſtance, be re- 
ſembled to two men, who approach each other 
on the oppoſite ſides of a hill; their heads will 
be firſt ſeen, and gradually, as they approach, 
the body will come entirely in view. From 
hence is derived a rational method of eſtimat- 
ing the diſtance of a ſhip, 'which is in uſe 
among ſea-faring people, namely, of obſerving 
how low they can bring ber down, that is to ſay, 
the man at. the maſt_hcad fixes his eyes on the 
veſſel in ſight; and flowly deſcends by the 
ſhrouds, till the, becomes no longer viſible. 
The leſs the diſtance, the lower he may 1 
ſcend Before ſhe diſappears. If obſervations 
of this kind be made with a teleſcope, the 
effect 1s ſtill more remarkable; as the diſtance 
increaſes or diminiſhes, the ſhip-in ſight will 
appear to become more and more immerſed, 
or to riſe gradually out of the water. „ 

This truth is fully evinced by the following 
conſideration; that ſhips have failed round the 
earth, have gone out to the weſtward, and have 
come home from the eaſtward; or in other 
words, the ſhips have kept the ſame courſe, and 
yet returned from the oppoſite ſide into the 
harbour whence they firſt ſailed. Now we are 
certain that this could not be the caſe, if the 
earth were a plane; for then a perſon, who 
ſhould ſet out for any one Point, and go on 
F ſtrait 
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ſtrait forward, without ſtopping, would be 
continually going further from the point from 
which he fet out. This argument may be much 
elucidated, by referring the pupil to a terreſ- 
ſtrial globe, on which he may follow the tracks 
of an Anſon and a Cook round the world. 

Fig 1 and 2, plate II. are illuſtrations of 
the foregoing principles. Fig. 1, ſh it 
if the earth was a plane, the whole of a u ſhip 
would be ſeen at once, however diſtant from 
the ſpectator, and that whether he was placed 

at the top or bottom of a hill. From fig. 2, it 
appears, that the rottindity of the earth, repre- 
ſented by the circle A BC; conceals the lower 
part of the ſhip d, while the top-maſt i is ſtill 
viſible; and that it is not till the ſhip comes to 
e, that the whole of it is viſible. | 

The following remarks evince the ſame 
truth. Obſerve any ſtar 'nearer the northern 
part of the horizon, and if you travel to the 
ſouth, it will ſeem to dip farther and farther 
downwards, till by proceeding, it will deſcend 
entirely out of ſight. In the mean time, the 
ſtars to the ſouthward of our traveller will ſeem _ 
to rife higher and higher. The contrary ap- 
pearances would happen, if he went to the 
northward. This proves that the earth is not 
a plane ſurface, but a curve in the direction 
ſouth and north. By an obſervation nearly 
ſimilar to this, the traveller may prove the cur- 
vature of the earth, in an eaſt and weſt direction. 
The 
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The globular figure of the earth may be 
alſo inferred from the operation of /eve/ling, or 
the art of conveying water from one place to 
another; for in this proceſs, it is found neceſ- 
ſary to make an allowance between the true 
and apparent level or in other words, for the 

figure of the earth. For the true level is not 
a a ſtrait line, but a curve which falls below the 
ſtrait line about eight inches in a mile, four 
times eight in two miles, nine times eight in 
three miles, ſixteen times eight in four miles, 
always increaſing as the ſquare of the diſtance. 
What the earth loſes of it's ſphericity by 
mountains and vallies, is very inconſiderable; 
the higheſt eminence bearing ſo little propor- 
tion to it's bulk, as to be ſcarcely equivalent to 
the minuteſt protuberance on the ſurface of a2 
lemon. tribe ef | 5155 
It is proper, however, to acquaint the young 
pupil, that though we call our earth a globe, 
and that when ſpeaking in general terms, it 
may be conſidered as ſuch; yet in the ſtrictneſs 
of truth, it muſt be obſerved, that it is not ex- 
actly and perfectly a ſphere, hut a ſpheroid, flat- 
tened a little towards the poles, and /[welling at the 
equator ; the equatorial diameter being about 
thirty-four miles longer than the diameter from 
pole to pole. This difference bears, there- 
fore, too ſmall a proportion to the diameter, to 
be repreſented on globes. M. Caſſini, from 
; F 2 | Picart's 
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Picart's meaſure of a degree, aſſerted, that the 
earth was an oblong or prolate ſpheroid, flat- 
tened at the equator, and protuberant at the 
poles; while Newton and Huygens, from a 
conſideration of the known laws and the 
diurnal motion of the earth, concluded that the 
figure of the earth was that of an oblate ſphe- 
roid, flattened at the poles, protuberant at the 
equator. To decide this important queſtion, 
Louis XIV. ordered two degrees of the me- 
ridian to be meaſured, one under the equator, 
the other as near the pole as poſſible. For this 
purpoſe, the Royal Academy of Sciences ſent 
Meſſ. Maupertuis, Clairault, Camus, and Le 
Monnier, to Lapland: they ſet out from France 
in 1735, and returned in the ſpring of the 
year 1736, having ſatisfactorily accompliſhed 
the purpoſe for which they were ſent. Meſſ. 
Godin, Condamine, and Bouguer, were ſent 
on the ſouthern expedition: to theſe the King 
of Spain joined Don George Juan, and Don 
Anthony de Ulloa, who' left Europe in the 
year 1735, and after encountering innumera- 
ble hardſhips and difficulties, returned to Eu- 
rope in different times, and by different ways, 
in 1744, 1745, 1746. The reſulr of this ardu- 
ous taſk was a complete confirmation of New- 
ton's theoretical inveſtigation. The differ- 
'ence between the equatorial and polar dimen- 
ſions, when compared with the earth's ſemi- 
diameter, is but an inconſiderable quantity, 
amount- 
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- amounting in the whole to an elevation of little 
more than 161 of -3970 ; that is, to leſs than a 
240th part of the diſtance from the ſurface of 
the earth to the center. If a meridional ſection 
of ſuch a ſpheroid were laid down upon paper, 

the eye would not diſtinguiſh it from a perfect 
circle. 


Or THE DluRNAL MoTIoN or THE EARTH. 


Though it is this motion which gives us the 
grateful viciſſitudes of day and night, adjuſted 
to the times of labour and reſt; yet young peo- 
ple generally find ſome difficulty in conceiving 
that the earth moves; the more ſo, becauſe, in 
order to allow it, they muſt give up, in a great 
meaſure, the evidence of their exterior ſenſes, 
of which the impreſſions are at their age ex- 
ceeding ſtrong and lively. It will, therefore, 
be neceſſary for the tutor to prove to them, that 
they can by no means infer that the earth_is at 
reſt, becauſe it appears fo, and convince them 
by a variety of ads, that reaſon was given to 
correct the fallacies of the ſenſes. $24] 

To this end we ſhall here point out ſome 
inſtances, where apparent motion is produced in 
a body at reſt, by the real motion of the ſpecta- 
tor. Let us ſuppoſe a man ina ſhip to be car- 
ried along by a briſk gale, in a direction pa- 
rallel to a ſhore, at no great diſtance from him ; 
while he keeps his eye on the deck, the maſt, 

MO the 
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the ſails, or any thing about the ſhip, that is to 
ſay, while he ſees nothing but ſome part of the 
veſſel on board of which he is, and conſequently 
every part of which moves with him, he will 
not perceive that the ſhip moves at all. Let 
him, after this, look to the ſhore, and he will 
ſee the houſes, trees, and hills, run from him in 
a direction contrary to the motion of the veſſel ; 
and ſuppoſing him to have received no previ- 
ous information on the ſubject, he might natu- 
rally conclude, that the apparent motion of 
theſe bodies was real. 

In a ſimilar ſituation to this, we may con- 
ceive the inhabitants of the earth; who, in 
early times, knew nothing of the true ſtructure 
or laws of the univerſe, ſaw the ſun, the ſtars, 
and the planets, riſe and ſet, and perform an 
apparent revolution about the earth. They 
had no idea. of the motion of the earth, and 
therefore all this appearance ſeemed reality. 
But as it is highly reaſonable to ſuppoſe, that 
as ſoon as the ſlighteſt hint ſhould be given to 
the man, of the motion of the veſſel, he would 
begin to form a new opinion, and conceive it 
to be more rational, that ſo ſmall a thing as the 
ſhip ſhould move, rather than all that part of the 
earth which was open to his view; ſo, in the 
ſame manner, no ſooner was an idea formed of 
the vaſt extent and greatneſs of the univerſe, 

| with 
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with reſpect to this earth, than mankind began 
to conceive it would be more rational that the 
earth ſhould move, than the whole fabric of 
the heavens. 
| By another familiar inſtance it will he eaſy 
to ſhew the young pupil, that as the eye does 
not perceive it's own motion, it always judges 
from appearances. Let a perſon go into a com- 
mon windmill, and deſire the miller to turn 
the mill round, while he is fitting within it 
with his eyes fixed on the upright poſt in the 
center thereof; this poſt, though at reſt, will 
appear to him to turn round with conſiderable 
velocity, the real motion of the mill being the 
cauſe of the apparent motion of the ſwivel poſt. _ 
Sea-faring people are furniſhed with various 
inſtances to illuſtrate this ſubje&t ; thoſe who 
are buſy in the hold of a ſhip at anchor, 
cannot by any perception determine whether 
the ſhip has ſwung round or not by the turn of 
the tide, When a ſhip firſt gets under-way 
with a light breeze, ſhe may be going at a good 
rate before thoſe who are between decks can 
perceive it. Having thus obviated the ob- 
jections which ariſe from the teſtimony of the 
ſenſes, we may now proceed to conſider the 
arguments which tend more directly to prove 
the motion of the earth. Df 

All the celeſtial motions will, on this ſuppo- 

4 | ſition, 
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ſition, be incomparably more ſimple and mo- 
derate. | | 
This opinion is much more argeeable to our 
notions of final cauſes, and our knowledge of 
the ceconomy of nature; for if the earth be at 
reſt, and the ſtars, &c. move round it once in 
24 hours, their velocity muſt be immenſe ; and 
it is certainly more agreeable to reaſon, that 
one ſingle body, and that one of the ſmalleſt, 


ſhould revolve on it's own axis in 24 hours, 


than that the whole univerſe ſhould be carried 
round it in the ſame time? with inconceivable 
velocity, | | 

The rotation of the earth round it's axis 
is analagous to what is obſerved in the ſun, and 
moſt of the planets; it being highly probable, 


that the earth, which is itſelf. one of the pla- 


nets, ſhould have the ſame motion as they have, 
for producing the ſame effect: and it would be 
as abſurd in us to contend for the motion of 
the whole heavens round us in 24 hours, rather 


than allow a diurnal motion to our globe, as it 


would be for the inhabitants of Jupiter to in- 
ſiſt that our globe and the whole heavens, muſt 
revolve round them in ten hours, that all it's 
parts might ſucceſſively enjoy the light, rather 
than grant a diurnal motion to metry habita- 


tion. 
9 ihe phenomena relative to this ſubject, 


are 
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are as eaſily ſolved on the ſuppoſition of the 
earth's motion, as on the contrary hypotheſis. 

Beſides the foregoing conſiderations, there 
are ſeveral arguments to be deduced from the 
higher parts of aſtronomy, which demonſtrably 
prove the diurnal motion of the earth. 

Before we enter into a further explanation 
of phenomena, it will be neceſſary to define 
ſome of the principal circles of the globe. The 
reader will comprehend more fully theſe defi- 
nitions, and attain more accurate ideas of theſe 
circles, by placing, while he is reading them, 
a terreſtrial globe or armillary ſphere before 
him. It may, however, be neceſſary to pre- 
miſe, that we are at liberty to ſuppoſe as many 
circles as we pleaſe, to be deſcribed on the 
arth; and the plane of any of theſe to be con- 
tinued from the earth until it marks a corre- 
ſponding circle in the concave ſphere of the 
heavens. : |, | 

Among theſe circles, the horizon is the 
moſt frequently named. Properly ſpeaking, 
there are two circles by this name, but diſtin- 
guiſhed from each other by added epithets, 
the one being called the. /en/ible, the other the 
rational horizon. : 

In general terms, the horizon may be de- 
fined to be an imaginary circle, that ſeparates 
the viſible from the inviſible part of the 


heavens, 
If 


© 
| 
4 
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If a ſpectator ſuppoſes the floor or plane 
on which he ſtands, to be extended every way, 
till it reach the ſtarry heavens, this plane is his 


ſenſible borizon. 


The rational horizon 1s a circle, whoſe plane 
is parallel to the former, but paſſing N 
the center of the earth. 

The rational borizon divides, the concave 
ſphere of the heavens into two equal parts, or 
hemiſpheres; the objects that are in the upper 
hemiſphere will be vifible ; ſuch as are in the 
lower hemiſphere will be invifible to the 
ſpectator. | 

Though the globe of the earth appears fo 


large to thoſe who inhabit it, yet it is ſo mi- 


nute a ſpeck, when compared to the immenſe 
ſphere of the heavens, that at that diſtance the 


planes of the rational and ſenſible horizons 


coincide : or in other words, the diſtance be- 
tween them in the ſphere of the Reavens, 1 is too 
ſmall for ad meaſure ment. 


To illuſtrate this, let AB CD, fg. 1, plate 


III. repreſent the earth; z h no the ſphere of 


the ſtarry heaven. If an inhabitant of the 
earth ſtand upon the point A, his ſenſible hori- 
Zon is 5e, his rational one h o; the diſtance be- 
tween the planes of theſe two horizons is A F, 


the ſemidiameter of the earth, which is mea- 


ſured in a great circle upon the ſphere of the 
heaven, by the angle e Fo, or the arc eo; this 
arc 


ASTRONOMICAL ESSAYS. 75 


arc in ſo ſmall a circle, à /n, would amount 


to ſeveral degrees, and conſequently-the dif- 
ference betwen the ſenſible and rational horizon 


would be great enough to be meaſured by ob- 
ſervation. If we repreſent the ſphere of the 


heaven by a larger circle, the ſemidiameter of 


"the earth AF, meaſured in this circle, will 
amount to fewer degrees ; for the arc E O is leſs 
then the arc eo; and the larger the ſphere of 
the heaven is, in proportion to the globe of the 
_ earth, the leſs ſenſible is the difference between 
the two horizons. Now as the ſphere of the 
earth is but as a point, when compared to the 
ſtarry heaven, the difference between the ſen- 
ſible and rational horizon will be inſenſible. 
From what has been ſaid, it appears that 
the only diſtinction between the ſenſible and 
rational horizon, ariſes from the diſtance of the 
object we are looking at. | 


The /en/; ble borizon is an imaginary circle, 


which terminates our view, when the objects 
we are looking at are upon the earth's ſurface. 

The rational horizon is an imaginary circle, 
which terminates our view, when the objects 
ue are looking at are as remote as the and 
bodies. Rs 
As the rational horizon divides the apparent 


celeſtial ſphere into two equal hemiſpheres, 


and ſerves as a boundary, from which to mea- 
ſure the elevation or r depreſſion of celeſtial ob- 
| jects; 


— n * 
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. jets; thoſe in the upper, or viſible hemi- 
| ſphere, are ſaid to be high, or elevated above 
the horizon; and thoſe in the other hemiſphere 
are called low, or below the horizon. | 

The earth being a ſpherical body, the ho- 
rizon, or limits of our view, muſt change as we 
change our place; and therefore every place 
upon the earth has a different horizon. Thus, 
if a man lives at a, fig. 2, plate III. his hori- 
zon is G C; if he lives at 6, his horizon is 
H D; ifate, it is A E. From hence we ob- 
tain another proof of the ſphericity of the 
earth; for if it were flat, all the inhabitants 
thereof would have the ſame horizon. 

The point in the heavens, which is direct- 
ly over the head of a ſpectator, is called the 
zenith. 

That point which is directly under his feet, 
is called the zadzr. Me 

If a man lives at a, fig. 2, plate III. his 
zenith is A, his nadir E: if he lives at 5, his 
zenith is B, his nadir F. Conſequently the 
zenith and horizon of an obſerver remains fixed 
in the heavens, ſo long as he continues in the 
ſame place ; but he no ſooner changes his poſi- 
tion, than the horizon touches the earth in 
another point, and his zenith anſwers to a dif- 
ferent point in the heavens. 

The axis of the earth is an imaginary 
line, conceived to be drawn through the center 


of 
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of the earth, upon which line it's revolutions 
are made. | 

The poles of the earth are the extremities 
of it's axis, or thoſe two points on it's ſurface, 
where it's axes terminate; one of theſe is called 
the zorih, and the other the /outh pole. The 
poles of the heavens, or of the world, are thoſe 
two points in the heavens, where the axis of 
the earth, if produced, would terminate; ſo 
that the north pole of the heavens is exactly 
over the north pole of the earth, and the ſouth 
pole of the heavens is directly over the ſouth 
pole of the earth. | 

The equator is an imaginary circle, which 
is ſuppoſed to be drawn round the earth's ſur- 
face, in the middle between the two poles. It 
_ divides the earth into two equal parts, one of 
which is called the northern, the other the 
ſoutbern hemiſphere. - 

If we ſuppoſe the plane of the earth's 
equator to be extended all ways, as far as the 
heavens, it will mark there a circle, that will 
divide the heavens into two equal parts; this 
circle is called ſometimes the eguinoctial, Tome 
times the celeſtial equator. 

The meridian of any place is a circle ſup- 
poſed to paſs through that place and the poles 
of the earth; we may therefore imagine as 
many meridians as there are places upon the 


earth, becauſe any place that is ever fo little to 
| | | the 
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the eaſt or the-weſt of another place, has a dif- 
ferent meridian. 

By the foregoing definition, we e ſee that the 
meridian of any place is immoveably fixed to 
that place, and carried round along with it by 
the rotation of the earth. The meridian marks 
upon the plane of the horizon the north and 
ſouth points. 

The circle which the Gang appears to de- 
ſcribe every year, in the concave ſphere of the 
heavens, is called the ecliptic. It is thus de- 
nominated, becauſe in all eclipfes the moon is 
either in or near the plane of it. But as the 
earth moves round the ſun, in the plane of the 
ecliptic, it is hkewiſe, the plane of the earth's 
orbit. | 

If we conceive a Zone, or belt, han ſix- 
teen degrees broad, in the concave ſphere of 
the heaven, with the ecliptic paſſing through 
the middle of it, this zone is called the zodiac. 
The ſtars in the zodiac were divided by the 
ancients into twelve equal parts or ſigns, to 
correſpond with the months of the ycar; and 
becauſe the number twelve with them was al- 
ways expreſſive of fulneſs or completion, it is 
uſed in that ſenſe in ſacred writ. The ſigns 
are named, Aries, Taurus, Gemini, Cancer, 
Leo, Virgo, Libra, Scorpio, Sagittarius, Capri- 
cornus, Aquarius, Piſces. 

We may imagine as many circles as we 

pleaſe 
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pleaſe drawn on a globe, parallel to the equa- 
tor, and theſe will decreaſe in their diameter, 
as they approach nearer the poles. The 7ropics 
are two lefler circles of this kind, parallel to 
the equator, and 234 degrees diſtant from it; 
one in the northern hemiſphere, which is 
called the tropic of Cancer; the other in the 
ſouthern, which is called the tropic of Capri- 
corn. If we:conceive the planes of theſe cir- 
cles expanded, till they reach the ſtarry hea- 
ven, the ſun will be feen to move in that circle 
which correſponds to the tropic of Cancer on 
the longeſt ſummer's day, and in that circle 
which anſwers to the tropic of Capricorn on 
the ſhorteſt winter's day. | 

The polar circles are two leſſer circles, 
conceived to be deſcribed at 234 degrees diſ- 
tance from each pole. 


The axis of the earth is inclined to the 
Plane of the ecliptic, and makes with it an 
angle of 66+ degrees; therefore the plane of 


the carth's equator cannot coincide with the 


plane of the ecliptic, but theſe two planes 


make with one another an angle of 235 de- 
grees. | 


Or THE ANNUAL MoTIon/or THE EARTH. 


Ihe foregoing definitions being underſtood, 
we may now proceed in the deſcription of the 
phenomena 


* 
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phenomena of our ſyſtem. It is owing to the 
- induſtry of modern aſtronomers, that the an- 
nual motion of the earth has been fully evinced ; 
for though this motion had been known to, 
and adopted by many among the ancient phi- 
loſophers, yet they were not able to give their 
opinions that degree of probability, -which is 
attainable from modern diſcoveries, much leſs 
the evidence ariſing from thoſe demonſtrative 
proofs of which we are now in poſſeſſion. We 
ſhall, therefore, enumerate ſome of the reaſons 
which induce aſtronomers to believe that he 
earth moves round the ſun, and then explain 
further the nature of this motion, calculated to 
afford us the uſeful and delightful variery of 
the ſeaſons, the mutual allay of immoderate 
heat and cold, as alſo for the ſucceſſive growth 
and recruit of vegetation. | 5 
The celeſtial motions become incomparably 
more ſimple, and free from thoſe looped con- 
tortions which muſt be ſuppoſed in the other 
caſe, and which are not only extremely impro- 
bable, but incompatible with what we know of 
- motion. | | 
This opinion is alſo more reaſonable, on 
account of the extreme minuteneſs of the earth, 
when compared with the immenſe bulk of the 
ſun, Jupiter, and Saturn; and there are no 
known laws of motion, according to which ſo 
ON - great 
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great a body as the ſun can revolve about ſo 

ſmall a one as the earth. 

The ſun is the fountain of light and heat, 

which it darts through the whole ſyſtem; it 

_ ought, therefore, to be in the center, that it's 
influence may be regularly diffuſed through the 

whole heavens, and communicated in juſt gra- 

dations to the whole ſyſtem. 

When we conſider the /un as the center of 
the ſyſtem, we find all the bodies moving 
round it, agreeable to the univerſal laws of 
gravity ; but upon any other conſideration. we 
are left in the dark. 

The motion of the earth round the ſun 
accords with that general harmony, and uni- 
verſal law, which all the other moving bodies 
in the ſyſtem obſerve, namely, that the ſquares 
of the periodic times are as the cubes of the diſ= 
tances ; but if the ſun moves round the earth, 
that law is deſtroyed, and the general order of 
ſymmetry in nature interrupted. 


It is inconteſtibly proved by obſervation, a' 


motion having been diſcoyered in all the fixed 
ſtars, which ariſes from a combination of the 
-motion of light with the motion of the earth 
in it's orbit. | 


It will be clearly ſhewn in it's place, that 


Venus and Mercury move round the ſun in orbits 
that are between it and the carth; that the 
_ of the carth is fituated belween that of 

8 Venus 


. . 
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Venus and Mars; and that the orbits of Mars, 


Fupner, &c. are exterior to, and include the 
other three. | 


Or THE APPARENT MOTION OF THE : ARIS= 
ING FROM THE EARTH'S ANNUAL MoTION 
ROUND IT, 


As when a perſon fails ling the ſea coaſt, 
the ſhore, the villages, and other remarkable 
places on land, appear to change their ſitua- 
tion, and to paſs by him; ſo it is in the hea- 
vens. Jo a ſpectator upon the earth, as it 
moves along it's orbit, or ſails as it were 
through celeſtial ſpace, the ſun, the planets, 
and the fixed os, Pen. to ne their 
places. 

Apparent change of place i is of 0 forts'; 
the one is that of bodies at reſt, the change of 
whoſe place depends ſolely on that of the ſpec- 
tator; the other is that of bodies in motion, 
whoſe apparent change of place depends as 
well on their own motion, as on that of the 

Ipectator. 

We ſhall firſt 3 only that apparent 
change which takes place in thoſe which are at 
reſt, and which is owing wholly to the motion 
of the earth, and ſhew-that the fun, when ſeen 
from the earth, will appear to. move in the 
ſame manner, whether it revolves round the 
earth, or whether the earth revolves round the 


ſun. 
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ſun. Let us ſuppoſe the earth at reſt, without 
any motion of it's own, and let the ſun be ſup- 
poſed to revolve round it in the orbit A BCD, 
fig. r, plate IV; and let EF G H be a circle in 
the concave ſphere of the ſtarry heavens; as 
the ſun moves in the order of the letters A B 
CD in it's orbit, it will appear to a ſpectator 
on the earth to have deſcribed the circle EF G 
H. When the ſun is at A, it will appear as if 
it was among the fixed ſtars that are at E; 
when it is at B, it will appear. among the 

fixed ſtars at F; when at C, among thoſe at H; 
and when it is at D, it will appear among the 
| fixed ſtars at G. Indeed, the fixed ſtars and the 
ſun are not ſeen at the ſame time; but we have 
ſhewn, that we may tell in what part of the 
heavens the ſun is, or what fixed ſtars it is near, 
by knowing thoſe which are oppoſite to it, or 
come to the ſouth at midnight. Therefore, if 
we find that any fer of ſtars, as thoſe at G for in- 
ſtance, come to the ſouth at midnight, we may 
be fure that they are oppoſite to the ſun; and 
conſequently, if we could fee the ftars in that 
part of the heaven where the ſun is, we ſhould 

find them to be thoſe at F. | 

| Secondly, let us ſuppoſe that S is the fun, 
having no motion of it's own, that it reſts within 
the orbit AB C P, in which we ſhall now ſup- 
poſe the earth to move, in the order of the letters 


MN BC D. "Fm this ſuppoſition, when the 
G 3 . earth 
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earth isat A, the ſun will appear in that part of 
the heavens where the ſtars H are; when the 
earth is at B, the ſun will appear in that part of 
the heavens where the ſtars G are; when the 
earth is at C, the ſun will appear in that part of 
the heavens where the ſtars E are; and as the 
earth revolves round the ſun, in the orbit A BC 
D, the fun will appear to a ſpectator on the 
earth to deſcribe the circle G HE F. | 

Thus whether the earth be at ref, and the 
ſun revolves in the orbit A B C D; or the ſun 
be at reſt, and the earth revolves in the ſame 
orbit, a ſpectator on the earth will ſee the ſun 
deſcribe the ſame circle E F G H, in the con- 
cave ſphere of the heavens. 

Hence if the plane of the earth's orbit be 


imagined to be extended to the heavens, it 
Vould cut the ſtarry firmament in that very cir- 


cle, in which a ſpectator in the ſun would ſee 


the earth revolve every year: while an inha- 


bitant of the earth would obſerve the ſun to go 
through the ſame circle, and in the ſame ſpace 
of time, that the ſolar ſpectator would ſee the 
earth deſcribe it. 

The inhabitants of all the other planets will 


obſerve juſt ſuch motions in the ſun as we do, 


and for the very ſame reaſons; and the ſun will 
be ſeen from every planet to deſcribe the ſame 
circle, and in the ſame ſpace of time, that a 
ſpectator in the ſun would obſerve the planet to 
| do. 
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do. For example, an inhabitant of Jupiter 
would think that the ſun revolved round him, 
deſcribing a circle in the heavens in the ſpace 
of twelve years: this circle would not be the 
ſame with our ecliptic, nor would the ſun 
appear to paſs through the ſame ſtars which he 
does to us. On the ſame account, the ſun, 
ſeen from Saturn, will appear to move in 
another circle, diſtinct from either of the 
former; and will not ſeem to finiſh his period 
in leſs time than thirty years. Now as it is 
impoſſible that the /un can have all theſe motions 
really in itſelf, we may ſafely affirm, that none 
of them are real, but that they are all apparent, 
and ariſe from the motions of the reſpective 
planets. | | | 

One phenomenon ariſing from the annual 


motion of the earth, which has already been 


ſlightly touched upon, may now be more fully 


explained; for as from thjs motion, the ſun 
appears to move from welt to eaſt in the hea- 
vens, if a ſtar riſes or ſets along with the ſun 


at any time, it will in the courſe of a few days 
riſe or ſet before it, becauſe the ſun's appa- 
rent place in the heavens will. be removed to 


the eaſtward of that ſtar. ' Hence thoſe ſtars, 


which at one time of the year ſet with the ſun, 


and therefore do not appear at all, ſhall at. 
another time of the year riſe when the ſun ſets, 


and ſhine all the night. And as any one ſtar 


3 ſhifts 
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ſhifts it's place with reſpect to the ſun, and in 
conſequence of that with reſpect to the hour of 


the night, ſo do all the reſt. Hence it is that 


all thoſe ſtars, which at one time of the year 
appear on any one ſide of the pole ſtar in the 
evening, ſhall in half a year appear on the 


contrary ſide thereof. 


Or PHENOMENA OCCASIONED BY THE ANNUAL © 
AND DIURNAL MorTtons OF THE EARTH. 


Firſt, of thoſe that ariſe from the diurnal 
motion. As the earth is off a ſpherical figure, 
that part of it, which comes at any time under 
the confined-view of an obſerver, will feem to 
be extended like a plane ;- and the heavens will 
appear as a concave ſpherieal ſuperficies, 


. divided by the aforeſaid plane into two equal 


parts,* one of which 1s viſible, the other con- 

cealed from us by the opacity of the earth. 
Now the earth, by it's revolution round 

it's axis, carries the ſpectator and the aforeſaid 


plane from weſt to eaft ; therefore all thoſe 


bodies to the caſt, which could not be ſeen 
becauſe they were below the plane of the hori- 
zon, will become viſible, or riſe above it, 
when, by the rotation of the earth, the hori- 


1 Zon ſinks as it were below them. On the other 
hand, the oppoſite part of the plane, towards 


the weſt, riſing above the ſtars on that ſide, 
TT. | will 


dee page 74 of theſe Eſſays. 
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will hide them from the ſpectator, and they 
will appear to ſet, or go below the horizon. 

As the earth, together with the horizon of 
the ſpectator, continues moving to the eaſt, 
and about the ſame axis, all ſuch bodies as are 
ſeparated from the earth, and which do not 
. partake of that motion, will ſeem to move 
uniformly in the ſame time, but in an oppoſite 
direction, that is, from eaſt to weſt ; excepting 
the celeſtial poles, which will appear to be at 
reſt. Therefore, when we ſay, that the whole 
concave ſphere of the heavens appears to turn 
round upon the axis of the world, whilſt the 
earth is performing one rotation round it's own 
axis, we mult be underſtood to except the two 
poles of the world, for theſe do not PR 
of this apparent motion. 

It is, therefore; on account of the revolus 
tion of the earth, round it's axis, that the 
ſpectator imagines the whole ſtarry firmament, 
and every point of the heaven, (excepting the 
two celeſtial poles) to revolve about the eatth 
from eaſt to weſt every twenty-four hours, 
each point deſcribing a greater or leſſer cirele; 
as it is more or leſs remote from one of the 
celeſtial poles. | 

The earth is made to revolve on it's axis; 
in order to give alternate night and day to every 
part of it's ſurface, 

Although every place on the ſurface is 
64 illuminated 
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illuminated by all the ſtars which are above 
the horizon of that place; yet when the ſun is 
above the horizon, his light is ſo ſtrong, that 
it quite extinguiſhes the faint light of the ſtars, 
and produces day. When the /un goes below 
the horizon, or more properly, when our hori- 
zon gets above the ſun, the ſtars give their 
light, and we are in that ſtate which is called 
night. 

Now as the earth is an opake arc 
body, at a great diſtance from the ſun, one half 
of it will always be illuminated thereby, while 
the other half will remain in darkneſs. | 

The circle which diſtinguiſhes or divides 
the illuminated face of the earth from the dark 
fide, and is the boundary between light and 
darkneſs, is generally called ihe terminator. A 
line drawn from the center of the fun to the 
center of the earth, is perpendicular to the 
me of this circle, 

It is plain, that when any given place on 
the globe firſt gets into the enlightened hemi- 
ſphere, the ſun is juſt riſen to that part; when 
it gets half-way, or to it's greateſt diſtance 
from the terminator, it is then noon,; and 
when it leaves the enlightened hemiſphere, it 
is then /un-/er, 

Here it will be neceſſary to premiſe a few 
conſiderations: Firſt, that on account of the 
immenſe diſtance of the ſun from the earth, 

8 the 
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the rays which proceed from it may be con- 
ſidered as parallel to each other. Secondly, . 
that only one-half of a globe can be illuminated 
by parallel rays, and therefore only one-half of . 
the earth will be enlightened by the ſun at one 

Theſe conſiderations will be rendered more 
forcible, by an attentive ſurvey of fig. 1, 
plate V; in which S repreſents the ſun, from 
whom we ſuppoſe parallel rays to flow in all 
directions. At A, B, C, are repreſented three 
different poſitions of the globe of the earth, 
the bright part being that which is #/uminated 
by the rays proceeding from the ſun, the 
ſhaded part, the portion of the globe which is 
in darkneſs; of courſe the line T T is the ter- 

minator, or boundary of light and darkneſs. 
In the globe at C, the poles coincide with 
the terminator. 

In the globe at A, the north pole is in the 
enlightened portion, and the ſouth pole in the 
dark hemiſphere : while in the oppoſite globe 
at B, the ſoutherm pole is in the illuminated 

part, and the north pole in obſcurity. ' | 
| It is evident, that it is day in any given 
place on the globe, ſo long as that place con. 
tinues in the enlightened hemiſphere; but 
when, by the diurnal rotation of the earth on 
it's axis, it is carrledt into the dark hemiſphere, 
jt becomes night to that place. 

| The 
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The. length of the day and the night depend 
therefore on the' poſition of the terminator, with 
reſpet? to the axis of the earth. 

If the poles of the earth be ſituated in the 
terminator, as at c, every parallel will be 
divided into two equal parts; and as the uni- 
form motion of the earth cauſes any given 
palace to deſcribe equal parts of it's parallel in 
equal times, the day and the night would be 
equal on every parallel of latitude, that is, all 
over the globe, except at the poles, where the 
ſun would neither riſe nor ſet, but continue in 
the horizon. 

But if, as at A and B, the axis we not in the 
plane of the terminator, the terminator will 
divide the equator into two equal parts, but all 
the circles parallel to it into unequal parts; 
thoſe circles that are fituated towards the en- 
lightened pole, will have a greater part of 
their circumference in the Mlightened than 
in the dark hemiſphere ; while fimilar parallels 
towards the other pole will have the greater 
part of their eircumference in the dark; hemi- 
fphere. Whence it follows, that the firſt- 
mentioned parallels' will enjoy longer days than 
nights; and the contrary will happen to the 
latter, where the days will be the ſhorteſt, and 
the nights the longeſt; while at the equator, 
the days will always be of the fame length. 

Having ſhewn that the viciſſitudes in the 
length 
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length of the days and nights are occaſioned 
by the poſition of the terminator with reſpect 
to the axis of the earth, I have now only to 
explain what occaſions theſe various poſitions; 
which is the more important, as on theſe de- 
pend the diverſity in the ſeaſons of the year. 


Or THE SEASONS OF THE YEAR, 


In conſidering this ſubject, you will find 
further proofs of that DIVIVE wisboM which 
pervades all the works of God, and fee, that no 
other conformation of the ſyſtem could have 
given ſuch commodious diſtributions of light 
and heat, or imparted fertility and pleaſure to 
ſo great a part of the revolving globe. 

The changes in the poſition of the termi- 
nator are occaſioned, 1. By the inclination of 

the earth's axis to the plane of the ecliptic, or 
orbit in which it gpoves. 2. Becauſe through the 
whole of il's annual tour/e, the axis of the earth 
preſerves it's poſition, or continues parallel io it= 
ſelf ; that is, if a line be conceived as drawn 
parallel to the axis, while the earth is in any one 
point of it's orbit, the axis will in every other 
poſition of the earth be parallel to the ſaid line. 

It muſt be evident to you, that the paral- 
leliſm of the axis muſt occaſion conſiderable 
differences. By a bare inſpection of the globes 
A, B, fig. 1, plate V, you will fee that when 

| the 
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the earth is in one poſition of it's orbit, the 
north pole will be turned towards the ſun, but 
in the oppoſite part will be turned from him. 
But the abſence of the ſun's light produces a 
proportionable degree of cold; hence the 
ſeaſons are, in the northern and ſouthern 
parts of the globe, diſtinctly marked by different 
degrees of heat and cold. It is this annual turn- 
ing of the poles towards the ſun, that occaſions 
the very long days in the northern and ſouthern 
parts. It is owingto the ſame cauſe, that the fun 
ſeems to riſe higher in the heavens during ſum- 
mer than in winter; and this alternate ſink ing 
and riſing is perceptible over the whole globe. 

If the axis of the earth were perpendicular 
to the plane of it's orbit, the equator and the 
orbit (or ecliptic) would coincide; and as the 
ſun is always in the plane of the ecliptic, it would 
in this caſe be always over the equator, as in 
fig. 3, and be tw poles Whuld be in the ler- 
minator, and there would be no diverſity in the 
days and nights, and but one ſeaſon of the 
year; but as this is not the caſe, we may fairly 
infer, that the axis of the earth is not perpen- 
dicular to the plane of it's orbit. 

But if the earth's axis be juclined to the 
plane of the ecliptic, when the earth is in the 
ſituation repreſented at fig. 1, plate V, the pole 
N will be towards the ſun, and the pole S will 
be turned from it; but juſt the contrary will 
| hap- 
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happen, when the earth, by going half round 
the ſun, has arrived at the oppoſite point in it's 
orbit. Hence the ſun will not always be in 
the equator, but at one time of the year it will 
appear nearer to one of the poles, and at the 
oppoſite ſeaſon it will appear nearer to the 
other. Here then you find a cauſe for the 
change of the ſeaſons; for when the ſun leaves 
the equator, and approaches to one of the poles, 
it will be ſummer. on that ſide of the equator, 
and when the ſun departs from thence, and 
approaches to the other pole, it will be winter. 
Theſe ideas may be ſtrengthened, anda clearer 
notion obtained of the effect produced by the 
inclination of the earth's axis, by conſidering 
fig. 2, plate V, in which the eligſis is ſuppoſed 
to repreſent the earth's orbit, the eye ſome- 
what elevated above the plane thereof. The 
earth is here repreſented in the firſt point 
of each of the 12 ſigns of the ecliptic, as 
marked in the figure with the 12 corre- 
ſponding months annexed; P the north pole 
of the globe, Pm it's axis, round which the 
earth performs it's diurnal revolution from 
welt to caſt ; this axis is exhibited, as parallel 
to itſelf in every part of the orbit; PC E 
ſhews the angle of it's inclination, e the pole, 
e d the axis of the ecliptic, perpendicular to 
the plane of the orbit. 
In March, when the earth is in the firſt point 
| of 
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of Libra, the ſun appears in the oppoſite point 
of the ecliptic at Aries. In September, when 
the earth is in the firſt point of Aries, the 
ſun will be in Libra. At theſe times the termi- 
nator paſſes through the poles of the world, 
and divides every parallel into two equal parts, 
{ſee c, fig. 1,) conſequently the nocturnal and 
diurnal arches, or the length of day and night, 
will be equal in all places over the world. 
Conceive the earth to have moved from 
Libra to Capricorn in June, the axis Pm pre- 
ſerving it's paralleliſm by this motion, the 
north pole will have gradually advanced into 
the enlightened hemiſphere; ſo that the whole 
northern polar circle will be therein, while 
the ſouthern pole is immerged in obſcurity ; the 
northern parts of the world will enjoy long days, 
while they are ſhort in the ſouthern parts. While 
the earth is moving from Libra through Capri. 
corn to Aries, the north pole remains in the il- 
luminated hemiſphere, and will therefore have 
fix months continual day, 
But in the other half year, while the earth is 
moving from Aries through Cancer to Libra, the 
north pole is turned from the ſun, and therefore 
in darkneſs, but 'the ſouth pole is in the il- 
luminated hemiſphere. When the earth is at 
Cancer, the ſun is at Capricorn; at this ſeaſon 
the nights to us will as much exceed the days, 
| 48 
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as the days exceeded the nights, when the earth 
uas in the oppoſite point of her orbit. 

From the foregoing explanation it is eaſy 
to perceive, that the inhabitants of the ſouthern 
hemiſphere have the fame viciſſitudes with 
thoſe of the northern, though not at the ſame 
time, it being winter in one hemiſphere, when, 
it is ſummer in the other, 

From what has been ſaid, you muft have 
perceived, that during the courſe of the earth 
through her orbit, there are four days particu- 
larly to be remarked ; thefe aſtronomers have 
diſtinguiſhed by the names of the tial and 
equinoctial days. The ſolſtitial days are thoſe 
on which the ſun appears moſt to the northward 
and the ſouthward: the equinoctial days are 
thoſe on which he appears in the equator, and 
the days are equal to the nights. 

The annual motion of the earth occaſions a 
daily apparent change in the declination of the 
ſun. Thus about the 22d of December, when 
the carth is in Cancer, the ſyn will be over the 
tropic of Capricorn; and conſequently by the 
earth's rotation on it's axis, the inhabitants of 
every part of this circle will ſucceſſively have 
the ſun in their zenith, or in other words, | 
he will be vertical to them that day at noon. 

About the 21ſt of March, the earth is at 
Libra, and the ſun will then appear in Aries; 
a central ſolar ray will terminate upon the ſur- 
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face of the earth, in the equator; and there- 
fore the ſun appears to be carried round in the 
celeſtial equator, and is ſucceſſively vertical to 
thoſe who live under that circle. 

About the 21ſt of June, when the earth is 
in Capricorn, a central ſolar ray terminates on 
the ſurface of the earth, in the northern tropic, 
and for that day the ſun appears to be carried 
round in the tropic of Cancer, and is vertical 
to thoſe who live under that circle. About 
the 22nd of September, the carth is in Aries, 
and the ſun in Libra, and the central ſolar ray 
again terminates at the equator; conſequently 
the ſun again appears in the celeſtial equator, 
and is vertical to thoſe who live under it. 

We have ſeen, that as the ſun moves in the 
ecliptic, from the vernal equinox to the tropic 
of Cancer, it gets to the north of the equator, 
or it's declination towards our pole increaſes. 
Therefore, from the vernal equinox, when the 
days and nights are equal, till the ſun comes to 
the tropic of Cancer, our days lengthen, and 
our nights ſhorten but when the ſun comes to 
the tropic of Cancer, it is then in it's utmoſt 
northern limit, and returns in the ecliptic to 
the equator again. During this return of the 
ſun, it's declination towards our pole de- 
creaſes, and conſequently the days decreaſe, 
and the nights increaſe, till the ſun is arrived 
in the equator. ain, and is in the autumnal 

equi- 
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equinoctial point, when the days and nights 
will again be equal. As the ſun moves from 
thence towards the tropic of Capricorn, it 
gets to the ſouth of the equator ; or it's decli- 
nation towards the ſouth pole increaſes. There- 
fore, at that time of year, our days ſhorten, 
and our nights lengthen, till the ſun arrives at 
the tropic of Capricorn; but when the ſun is 
arrived there, it is then at it's utmoſt ſouthern 
limit, and returns in the ecliptic to the equa- 
tor again. During this return, it's 'diſtance 
from our pole leſſens, and conſequently the 
days will lengthen, as the nights will ſhorten, 
till they become equal, when the ſun is come 
round to the vernal equinoctial point. 

Our ſummer is nearly eight days longer than 
the winter. By ſummer is meant here the 
time that paſſes between the vernal and autum- 
nal equinoxes; by winter, the time between 
the autumnal and vernal equinox. The eclip- 
tic is divided into fix northern, and fix ſouthern 
ſigns, and interſects the equator at the firſt of 
Aries, and the firſt of Libra. In our ſummer, 
the ſun's apparent motion 1s through the ſix 
northern, and in winter through the fix ſouth- 


ern ſigns; yet the ſun is 186 days, 11 hours, c1 - 


minutes, in paſſing through the fix firſt; and 
only 178 days, 17 hours, $8 minutes, in paſſing 
through the ſix laſt. Their difference, 7 days, 
| To . 17 hours, 
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17 3 53 minutes, is the length of t time by 
which our ſummer exceeds the winter. | 
In fig. 1, plate VI, AB CD repreſents 
the earth's orbit; S the ſun in one of it's foci; 
when the earth is at B, the ſun appears at H, 
in the firſt point of Aries; and whilſt the eartn 
moves from B through C to D, the ſun appears 


to run through the fix northern ſigns, from Y 


through S to = at F. When the earth is at 
D, the ſun appears at F, in the firſt point of 
Libra ;-and as the earth moves from D'through 
A to B, the ſun appears to move through the ſix 
ſouthern ſigns, from through M to Aries at H. 

Hence the line F H, drawn from the firſt 
point of Aries through the ſun at 8, to the firſt 
point of =>, divides the ecliptic into two equal 
parts; but the ſame line divides the earth's 
elliptical orbit into two unequal parts. The 


greater part B C D is that which the earth de- 
ſcribes in the ſummer, while the ſun appears in 


the northern ſigns. The leſſer part is DA B, 
which the earth deſcribes in winter, while the 
ſun appears in the ſouthern ſigns. C, the 
earth's aphelion, where it moves ſloweſt, is in 
the greater part; A, it's perihelion, is in the 
leſſer part, where the ſun moves faſteſt. 
There are, therefore, two reaſons why our 
ſummer is longer than our winter; firſt, be- 
cauſe the ſun continues in the northern ſigns, 


while the carth is deſcribing the greater part 
of 
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of it's orbit; and ſecondly, becauſe the ſun's 
apparent motion is ſlower while it appears in 
the northern ſigns, than whilſt it hon in 
the fouthern ones. | 
The ſun's apparent diameter is greater in 
our winter than in ſummer, becaufe the earth 
is nearer to the ſun when at Ain the winter, 
than it is when at C in the ſummer. The ſun's 
| apparent diameter, in winter, is 32 minutes, 47 
ſeconds; in ſummer, 31 minutes, 40 ſeconds. 
Bur if the earth is farther from the ſun in 
ſummer than in winter, it may be aſked, why 
our winters are fo much colder than our ſum- 
mers. To this it may be anſwered, that our 
ſummer is hotter than the winter, firſt; on ac- 
count of the greater height to which the ſun 
riſes above our horizon in the ſummer; ſecond- 
15, the greater length of the days. The fun is 
much higher at noon in ſummer than in win- 
ter, and conſequently, as it's rays in ſum- 
mer are leſs oblique than in winter, more of 
them will fall upon the ſurface of the earth. 
In the ſummer, the days are very long, and the 
nights very ſhort ; therefore the earth and air 
are heated by the ſun in the day-time, more 
than they are cooled in the night; and upon 
this' account, the heat will keep increafing i in 
the ſummer, and for the fame reaſon will de- | 
creale 1 in winter, when the nights lengthen. 
I ſhould exceed the limits of this eſſay, 
I 1 2 if 
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if 1 were to inquire into the ſeveral concuring 
cauſes of the temperatures that obtain in vari- 
ous climates; it may be ſufficient, therefore, 
to obſerve what a remarkable proviſion is made 
in the world, and the ſeveral parts of it, to 
keep up a perpetual change in the degrees of 
heat and cold. Theſe two are antagoniſts, or, 
as Lord Bacon calls them, the very hands of 
nature with which ſhe chiefly worketh ; the one 
expanding, the other contracting bodies, ſo as 
. to maintain an oſcillatory motion in all their 
parts; and ſo ſerviceable are theſe changes in 
the natural world, that they are promoted 
every year, every hour, every moment. From 
the oblique poſition of the ecliptic, the earth 
continually preſents a different face to the fun, 
and never receives his rays two days together 
in the ſame direction. In the day and night, 
the differences are ſo obvious, that they need 
not be mentioned, though they are moſt re- 
markable in thoſe climates, where the ſun at 
his ſetting makes the greateſt angle with the 
horizon. Every hour of the day, the heat 
varics with the ſun's altitude, is altered by the 
interpoſition of clouds, and the action of 
winds ; and there is little room to doubt, but 
what the various changes that thus take place, 
concur in producing many of the ſmaller and 
greater phenomena of nature. 
Be this however as it may, it is certain that 
| Gs the 
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the various irregularities and intemperature of 


the elements, which ſeem to deſtroy nature in 
one ſeaſon,” ſerve to revive it in another: the 
immoderate heats of ſummer, and the exceſ- 
five cold of winter, prepare the beauties of the 
ſpring, and the rich fruits of autumn. Theſe | 


viciſſitudes, which ſeem to ſuperficial minds 


the effects of a fortuitous concourſe of irregular 
cauſes, are regulated according to weight and 
meaſure by that soveREIGN wIsSDOM, who tueighs 


the earth as a grain of ſand, the ſea as a drop of 
water. FT 


Or SoLar AND SIDERIAL TiME, 


I have already ſhewn, that the daily motion 


of the ſun from eaſt to weſt, is not a real, but 


an apparent one, which is owing to the rotation 
of the earth round it's axis. Now if the ſun 
had no other motion but this apparent one, it 
would ſeem to go once round the earth, in the 
time of one complete rotation, or in 23 hours, 
56 minutes; which is the caſe with any of the 
fixed ſtars, and is therefore the length of a 
ſiderial day. But the ſun is found to take up 
a longer time to complete it's apparent revolu- 
tion; for if it is in the ſouth of any particular 


place at twelve o'clock at noon to-day, it will 


not complete an apparent revolution, ſo as to 


return to the ſouth of that place again, till 


H 3 twelve 
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twelve o clock at nobn on the next day, and ; 


conſequently the time of his apparent revolu- 


tion is twenty-four hours. 1: 1 hs! 


Let us endeavour to render this ſubje& 
clearer, by defining in other words the nature 


of the ſolar and ſiderial day. 


The ſolar day is that ſpace, of time which 
intervenes between the ſun's departing from 
any one meridian, and it's return to the ſame 
circle again; which ſpace is alſo called a natu- 


| ral day; or it is the time from the noon of one 


day to the noon of the next. 

The jigerial day is the ſpace of time which 
happens between the departure of a ſtar from, 
and it's return to the ſame meridian again. 

I am now to ſhew why theſe days differ in 
length, or why the time, that the ſun takes up 
to complete one revolution, is longer than the 
time that the earth aue to revolve once upon 


it's axis. 


This difference ariſes from the ſun? 8 3 


motion. For the ſun does not continue always 


in the ſame place in the heaven, as the fixed 
ſtars do; but if it is ſeen at M, fig. a, pl. IV, 
one day, near the fixed ſtar R, it will have 
ſhifted it's place the next day, and will be near 
to ſome other fixed ſtar L. This motion of 
the ſun is from weſt to caſt, and one entire re- 
volution is completed in a year. Suppoſe, 
therefore, that the ſun, when it is at M, near 

e ta 
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0 heed ſtar R, appears.in the ſouth of any 
Pt rficular place S; and then imagine the earth 
to turn once round upon it's axis from weſt to 
eaſt, or in the direction STV W, fo that the 
place may be returned to the ſame ſituation 
after this rotation is completed, the ſtar R will 
be in the ſouth of the place as before; but the 
ſun having, in the mean time, moved eaſtwards, 
and being near to the ſtar L, or to the eaſt of 
R, will not be in the ſouth of the place S, but 
to the eaſtward of it: upon this account, the 
place S muſt move on a little farther, and muſt 
come to T before it will be even with the ſun 
again, or before the ſun will appear OP in 

the ſouth. | | | 
This may be illuftrated by an inſtance. 
The two hands of a watch are cloſe together, or 
even with one another at twelve; they both 
turn round the ſame way, but the minute hand 
turns round in a ſhorter time than the hour 
hand; when the minute hand has completed 
one rotation, and is come round to twelve, the 
hour hand will be before it, or will be at one; 
ſo that the minute. hand muſt move more than 
once round, in order to overtake the hour hand, 

and be even with it again. | 

As this ſubject is of ſome importance, we 
| ſhall endea vour to render it more clear, by 
placing it in a different point of view: the 
more ſo, as it may accuſtom the young pupil 
5 H 4 to 
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WAS 


motion of the ſun, and that of the earth. 

The diameter of the earth's orbit is but a 
phyſical point in proportion to the diſtance of 
the ſtars; for which reaſon, and the earth's 
uniform motion of it's axis, any given meridian 
will revolve from any ſtar to the ſame ſtar 
again, in every abſolute turn of the earth upon 

it's axis, without the leaſt perceptible differ- 
ence of time being ſhewn by a clock which 
goes exacily true. 

If the earth had only a diurnal, viewer an 


annual motion, any given meridian would re- 


volve from the ſun to the ſun again, in the 
ſame quantity of time as from any ſtar to the 
ſame ſtar again; becauſe the ſun would never 
change his place with reſpect to the ſtars. But 
as the earth advances almoſt a degree eaſtward 
in it's orbit, in the time that it turns eaſt- 
ward round it's axis, whatever ſtar paſſes over 
the meridian on any day with the ſun, will 
paſs over the ſame meridian on the next day, 
when the ſun is almoſt a degree ſhort of it, that 
is, 3 min. 56 ſeconds ſooner. If the year con- 
tained only 360 days, the ſun's apparent place, 
ſo far as his motion is equable, would change 
a degree every day, and then the ſiderial days 
would be juſt four minutes ne than the 
ſolar. 
| Let ABCDEFGH, fig, 3, plate Iv, be 

the 
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the earth's orbit, in which it goes round the 
| ſun every year, according to the order of the 
letters, that is, from weſt to eaſt, and turns 
round it's axis the ſame way, from the ſun 
to the ſun again in every twenty-four hours. 
Let S be the ſun, and R a fixed ſtar, at ſuch 
an immenſe diſtance, that the diameter G C 
of the earth's orbit bears no ſenſible pro- 
portion to that diſtance; Nmn the earth 
in different points of it's orbit. Let Nm be 
any particular meridian of the earth, and N 
a given point, or place, lying under that me- 
ridian. | 
When the earth is at A, the ſun S hides the 
ſtar R, which would always be hid if the earth 
never moved from A; and conſequently as 
the earth turns round it's axis, the point N 
would always come round to the ſun and the 
ftar at the ſame time. 
But when the earth has advanced through + 
an eighth part of it's orbit, or from A to B, it's 
motion round it's axis will bring the point 
N an eighth part of a day, or three hours, 
ſooner to the ſtar than to the ſun. For the 
ſtar will come to the meridian in the ſame 
time as though the earth had continued in 
it's former ſituation at A, but the point N 
muſt revolve from N to N, before it can have 


the ſun upon it's meridian. The arc N n be- 


ing therefore the ſame part of a whole circle, 
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as the arc A B, it is plain that any ſtar which 
comes to the meridian at noon, with the ſun, 
when the earth is at A, will come to it at nine 
o'clock in the forenoon, when the earth is at B. 

When the earth has paſſed from A to C, one- 
fourth part of it's orbit, the point N will have 
the ſtar upon it's meridian, or. at ſix in the 
morning, ſix hours ſooner than it comes round 
to the ſun; but the point N muſt revolve 
ſix hours more before it has mid-day by the 
ſun : for now the angle A SD is a right angle, 
and ſo is NDn; that is, the earth has ad- 
vanced go degrees on it's axis, to carry the 
point N from the ſtar to the ſun ; for the ſtar 
always cornes to, the meridian when N m is 
parallel to RSA; becauſe DS is but a point in 
reſpect to RS. When the earth is at D, the 
ſtar comes to the meridian at three in the morn- 
ing at E, the earth having gone half round it's 


orbit; N points to the ſtar at midnight, it be- 


ing then directly oppoſite to the ſun; and, 
therefore, by the earth's diurnal motion, the 
ſtar comes to the meridian twelye, hours before 
the ſun, and then goes on, till at A it comes to 
the meridian with the ſun again. 

Thus it is plain, that one abſolute reyolu- 
tion of the earth on it's axis (which is always 
completed when any particular ſtar comes to 
be parallel to it's ſituation at any time of the 


day before) never brings the ſame meridian 


round 


* ASTRONOMICAL ESSAYS. - 107 


round from the ſan; to the ſun again; but 
that the earth requires as much more than one 
turn on it's axis, to finiſh a natural day, as it 
has gone forward in that time, which, at a mean 
ſtate, is a 365th part of a circle. 
From hence we obtain a method of knowing 
by the ſtars, whether a clock goes true or not. 
For if through a ſmall hole in a window-ſhut- 
ter, or in a thin plate of metal fixed to a 
window, we obſerve at what time any ſtar 
diſappears behind a chimney, or corner of a 
houſe; at a little diſtance; and if the ſame ſtar - 
. diſappears the next night, 3 min. 56 ſeconds, 
ſooner by the clock; and on the ſecond, 7 
minutes, 52 ſeconds ſooner; the third night, 
11 minutes, 48 ſeconds ſooner, and ſo on every 
night; it is an infallible fign that the machine 
goes true; otherwiſe it docs not, and muſt be 
regulated accordingly. This method may be 
. depended on to nearly half a ſecond. 


AN ExPLANATION OF THE PHEXOMENA WHICH 
ARISE FROM THE MOTION OF THE EARTH, 
AND OF THE INFERIOR. PLANETS, MERCURY 

AND VENUS. 


It will be neceſſary in this place to define 
more exactly ſome words which have been 
Mlightly explained before, and recall the read- 
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er's attention to ſome definitions that have 
been already given; and it is preſumed, that 
theſe repetitions will not be an object of 
complaint, becauſe they will anſwer the bene- 
ficial- purpoſe of grounding the reader more 
firmly in the knowledge of the ſcience, ta 
which this eſſay is intended as an introduction. 

When two planets are ſeen together in the 
ſame ſign of the zodiac, and equally advanced 
therein, they are ſaid to be in conjunction. But 
when they are in oppoſite ſigns of the zodiac, 
they are ſaid to be in opp2/ition.. Thus a planet 
is ſaid to be in oppoſition to the ſun, when the 
earth is between the ſun and the planet. 

The elongation of a planet is it's apparent 
diſtance from the ſun. When a planet is in 
conjunction with the ſun, it has no elongation ; 
when in oppoſition, it's elongation is 180 de- 
grees. — he. LS 
The nodes of a planet's orbit are thoſe two 
points where the orbit cuts the plane of the 
ecliptic. I before obſerved, that the orbits 
of all the planets are inclined to the plane of 
the ecliptic, and conſequently croſs this plane. 
In fig. 3, plate III, AB CD is the plane of the 
ecliptic; EBFD is the orbit of a planet, in- 
which the points B and D are the two nodes, 
The line of the nodes is a line B D, ſuppoſed 
to be drawn through the ſun from one node to 
the gther. The limits of @ planet's orbit are 
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two points in the middle between the two 
nodes. The point E is called the greateſt, 
northern limit, F the greateſt ſouthern limit. 

The greateſt diſtance of the earth, or of any 
planet from the ſun, 1s called it's aphelion, or 
higher apſis; it's leaſt diſtance 1s called the 
peribelion, or lower apſis. 

Thus in fig. 4, plate III, A is the place of 
the aphelion, P that of the perihelion. 

The axis, PA, fig. 4, of any planet's ellip- 
fis, is called the line of the apſides: the ex- 
treme points of it's ſhorteſt diameter T V-are 
the places of it's mean diſtance from the ſun, 
and ST, or SV, the line of it's mean diſtance. 

When a planet moves according to the 
order of the ſigns, it's motion is faid to be di- 
rect, or in conſequentia ; but when it's motion 
is contrary to the order of the ſigns, it is ſaid to 
be retrograde, or in antecedentia. | 

The place in the ſtarry heavens that any 
planet appears in, when ſeen from the center 
of the earth, is called it's geocentric place. The 
place where it would be ſeen in the celeſtial 3 
ſphere, by an obſerver ſuppoſed to be in the 
ſun, is called it's belzocentric place. 


Or 
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Or THz ConJuncTIONS AND ELONGATIONS OF 
THE INFERIOR DLANETS, Vrxus and Mer 
cuRx. 
| „„ 

There are two different ſituations, in which 
an inferior planet will appear in conjunction 
with the ſun ene when the planet is between 


the ſun and the earth, the other when the ſun - 


is between the earth and the ꝓlanet. Let A, 
fig. 2, plate VI, be the earth in it's orbit, E 
the place of Venus in her orbit EH G, S the 
ſun, FVPQR TD an arc in the ſtarry heavens. 
In this ſituation the ſun and Venus are on the 
ſame ſide of the earth, and will appear in the 


ſame point of the heavens, ſo as to be in con- 


junction. If the earth is at A, and Venus at : 


SG, they will alſo appear to be in conjunction. 


If the earth is at A, the ſun at S, the planet 


At E, nearer to the earth than the ſun, it is called 


it's inferior conjunction. But if the earth is at 


A, and the planet at G, farther froin the 


earth than the ſun, this is called the e | 
conjunction of the planet. 

If an inferior planet is at E, the 2 at A, 
and the ſun at 8, the elongation is nothing, the 
planet being then in it's inferior conjunction. 
As the planet moves from E. to y, it's elongation 


Increaſes; for when it is at y, it appears in the 


line Ay P, while the ſun appears ede line 
A ONS X 
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ASQ; fo that PAQ will be it's elongation. 


When the planet is arrived at-x, it appears in 
the line A x V, which is a tangent to it's orbit; 


and then it's clongation is V A Q, which is the 
greateſt that can be on that fide the ſun; for 
after this, the elongation decreaſes. When the 
planet 18at K, it's elongation is PAQ; when 
at G, it is nothing, becauſe it is then in it's ſus 
perior conjunction; as the planet moves on 
from G, it's elongation again increaſes; for 
when it comes to C, it appears in the line 


ACR, and it's elongation is RA Q. When 
the planet comes to H, a line drawn from the 


earth through the planet is a tangent to the 
orbit, and the elongation is TA Q, the greateſt 
it can have when it is on the other ſide of the 
ſun; for after this, the elongation again de- 


creaſes. 


Hence it is clear, that the inferior planets 


can never appear far from the ſun, but muſt 
always accompany it in it's apparent motion 
through the ecliptic. When we ſee either 
Venus or Mercury, it is either in the evening 
in the weſt, ſoon after the ſun has ſet; or in 
a morning, a little before the ſun riſes. Ve- 
nus is indeed bright enough ſometimes to be 
ſeen in the day time, but then ſhe is never far 


from the ſun. The greateſt elongation of . 


Venus is about 40, and of . about 33 
degrees. i K 
1 


_ 
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I kf the earth is at A, fig. 2, plate VII, when 
Venus appears in any part of the arc E x G, ſhe 
is weſtward from the ſun, and therefore riſes be- 

fore him in the morning, and is called the 
morning ſtar. When ſhe appears any-where 
in the arc G H E, ſhe is eaſtward from the ſun, 
and therefore ſets after him; is ſeen in the 
evening, and is then the evening flar. 

From the apparent motions of the inferior 
planets, we derive an argument to prove the 
falſity of the Ptolemaic ſyſlem. If the earth was 
within the orbit of Venus, as the Ptolemaic 
ſyſtem ſuppoſes, ſhe might be ſometimes on 
one ſide of the earth, whilſt the ſun is on the 
oppoſite ſide; or Venus- might be ſometimes 
in oppoſition to the ſun; but Venus is never 
ſeen in oppoſition. Therefore the earth is on 
the outſide of the orbit of Venus, and conſe— 
quently the Ptolemaic ſyſtem is not true. The 
ſame is alſo true of Mercury. But this, and 
ſome other circumſtances relative to the mo- 
tions of theſe planets, will be better underſtood 
by a planetarium than by any diagram. 


Or THE RETROGRADE, DIRECT, AND STATIO- 
'NARY Morioxs or VENUS anD MERCURY, , 


It is eaſy to explain theſe motions on the 
Copernican fyſtem, it being the natural reſult 
_ of the reſpective ſituations and motions of the 
Ef „ carth 
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earth and theſe planets. But on the Ptolemaic 
ſyſtem they are inexplicable, without calling 
in the aid of a very complicated hypotheſis. 

When the inferior planets are paſſing from 
their greateſt elongation, on one fide of the ſun, 
through their ſuperior conjunction, to their 
_ greateſt elongation on the other fide, their 
motion, as viewed from the earth, is direct. 
In order to explain this propoſition, we ſhall 
firſt ſuppoſe the earth to be at reſt at A, fig. 2, 
pl. VII; and correct this ſuppoſition afterwards, 
by ſhewing that the apparent motion of Venus, 
or Mercury, ſeen from the earth, is the ſame 
in this reſpect, whether the earth moves in it” 's 
orbit, or reſts at A. 
Ihe propoſition to be explained is this; 
that as Venus, for inſtance, moves from x, it's 
greateſt elongation on one ſide of the ſun, 
through G it's ſuperior conjunction, to H it's 
greateſt elongation on the other ſide, it will ap- 
pear to a ſpectator upon the earth, to move 
from weſt to eaſt according to the order of 
the ſigns; that is, it's geocentric motion will 
be direct. | 

The planets move round the ſun from weſt 
to eaſt, and conſequently if there was a ſpecta- 
tor at the ſun, they would appear to him ta 
move through the zodiac, according to the 
order of the ſigns ; or in other words, the heli- 


ocentric motion of Venus is direct. Now if 
I the 


— ag - =o da dfing Ge 


1 r 
— 3 


r « * 
— EST 
— — 


—— —— 


—— —— —¼.3 


* r Es ä EPPS N 
p Who — n - S 


— X 


4 


P IF $7 
g 2 4 
3 f 
55 | 
a N 1 13 
4 12 
7 1 T4 3 
f i 
1 
4. 30 k 
1 
1 
© 


—— 


2 — 


7 = 
i4 


\ —— 


114 ASTRONOMICAL ESSAYS. 


the ſun and the earth A, are both on the ſame 
fide of the planet, a ſpectator at the earth is in 
the ſame ſituation, with reſpect to the planet 
and it's motion, as if he had been at the ſun: 
for whilſt the planet is moving from x, through 
G, to H, a ſpectator either at A or S is on the 
concave ſide of the planet's orbit; and conſe- 


quently the planet will appear to move in the 


ſame manner from either: but the apparent 
motion of the planet, when ſeen from the ſun, 


is dire, and conſequently it's motion, when 


ſeen from the earth, will alſo be dire. 

For when Venus is at x, it appears to a 
ſpectator on the earth at A, to be in the line 
Ax V, or is ſeen among the ſtars at V; when 
Venus has moved to K, it is ſeen among the 
fixed ſtars at P; when it has moved to G, it 
is in it's ſuperior. conjunction; when it has 
moved to C, it appears among the fixed ſtars 
at R; and when it is come to K, it appears 


among the fixed ſtars at T. Thus whilſt 


Venus has moved in it's orbit from x, it's 


greateſt elongation on one ſide of the ſun, 


through G it's ſuperior conjunction, to H it's 
greateſt elongation on the other ſide, it appears 
to have deſcribed the arc VP QR I in the 
concave ſphere of the heavens; but the letters 
x K GC H lie from weſt to eaſt, becauſe they 
lie in the ſame direction that the planet moves 
round the ſun; and the letters VP QRT lie 


In 


<a 
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in the ſame direction with x KG CH. There- 
fore, as the planet ſeems to a ſpectator on the 
earth, to deſcribe the arc VP R T, it's 
apparent motion, ſeen from the earth, is di- 
ref, or from weſt to eaſt. 

The ſecond propoſition is this; that while 
the inferior planets move from their greateſt 
elongation on one ſide of the ſun, through their 
inferior conjunction, to their greateſt elonga- 
tion on the other fide, their geocentric motion is 
retrograde. | 

In other words, whilſt Venus is moving 
from it's greateſt elongation H, plate VII, fig. 
3, through ir's inferior conjunction E, to it's 
other greateſt elongation x, it appears to a 
ſpectator upon the earth at A, to move back- 
- wards, or from eaſt to weſt, contrary to the 
order of the ſigns. 

A ſpectator at the ſun- is on the concave 
ſide of the planet's orbit, viewing it from 
within fide. But whilſt Venus is moving 
from it's greateſt elongation H en one ſide, 
through E it's inferior conjunction, to x it's 
greateſt elongation on the other ſide, a ſpecta- 
tor upon the earth is on the convex ſide of it's 
orbit, viewing it from without. 
Therefore, if a ſpectator at the ſun S would 
ſee the planet move one way, a ſpectator at 
the earth A will ſee it move the contrary way; 
or the geocentric motion will be contrary to 

8 it's 
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it's heliocentric motion, and therefore retro- 
grade; for. as ſeen from the ſun, it's motion 
is always direct. | 

That two ſpectators, one at che earth, the 
other at the ſun, as they are on contrary ſides 
of the arc H E x, will fee the planet apparently 
move contrary ways, may be rendered more 
plain by the following familiar conſideration. 
If two men ſtand with their faces towards each 


other, and a ball is rolled along upon the 


ground, this ball will move from the right hand 
of one of the men towards his left, and from 
the left hand of the other towards his right. 
In like manner, if one man is at the earth A, 
and the other at the ſun S, then whilſt the 
planet is deſcribing the arc H e x which is 
between them, it will appear to move from 
the right hand ofthe man at S towards his left, 


and from the left hand of the man at A towards 


his right. 

Whilſt the motion of Vikas is direct, or 
while it is deſcribing the arc x G H, it appears 
to move from V to T, among the fixed ſtars. 
But after it has been carried in it's orbit from 
H to Q, it appears in the line A z R, and is 
ſeen among the fixed ſtars at R. When it 
comes to E, it appears at Q; and when at y, 


it's apparent place in the heavens is at P. Thus 
as the planet paſſes from it's greateſt elongation 


H on one ſide of the ſun, through it's inferior 
. con- 
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Junction E, to it's greateſt elongation x on the 
other ſide, it apparently runs back from T to 
V, or it's motion is retrograde. 

Our 7h:ird propoſition is, that Venus is flati- 
onary, or has no apparent motion for ſome 
time, when it is at it's greateſt. elongation ; 
that is, when it is at H or x, and it's appa- 
rent place is either at T or V. 

When either of the inferior planets, Venus 
for inſtance, is at it's greateſt elongation H 
or x, a line drawn from the earth through the 
planet, as A H T, or A x V, is a tangent to 
the orbit. Now though a right line touches a 
circle but in one point, yet ſome part of the 
circle greater than a point is ſo near to the tan- 
gent, as not to be diſtinguiſhed from it. Thus 
the arc bd ſo nearly coincides with the tan- 
gent A H T, that a ſpectator's eye placed at A, 
could not diſtinguiſh the tangent from this part 
of the curve. Conſequently, while the planet 
is deſcribing this arc, no other change will be 
made in it geocentric place, than if it was to 
move in the tangent. | 

But the geocentric place of the planet 
would not be altered, if the planet was to moye _ 
in the tangent. For if it was to move from T 
towards A, or from A to V, the apparent place 
of ir in the heavens would in one caſe be at T, 
in the other caſe at V. Therefore, while the 
planet is at it's greateſt elongation, and is 
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deſcribing a ſmall arc in it's orbit, that nearly 
coincides with the tangent, it's geocentric 
place does not alter, but it appears to continue 


for ſome time in the ſame part of the heavens, or 


is ſtationary. 

I have hitherto ſuppoſed the earth to be at 
reſt, and upon that ſuppoſition have explained 
the progreſs and regreſs, the conjunctions and 
ſtations of the inferior planets. If this ſuppo- 
ſition was true, V T, or the arc which the pla- 
net at any time deſcribes in it's progreſs, and T 
V, the arc which it deſcribes in it's regreſs, 
would always be in the ſame part of the hea- 
vens. The planet, when in conjunction, would 
always appearat Q among the ſame fixed ſtars ; 
and at it's elongation, or when it is ſtationary, 
it would always appear among the ſame fixed 
ſtars at T on one fade of the ſun, and at Von the 
other ſide. + 

But this ſuppoſition is not true; for the 
carth revolves in it's orbit A B O round the 
ſun. Now if the earth isat A, at the time of 
either conjunction, the planet at this conjunc- 
tion would appear among the fixed ſtars at Q, 
and the arcs of the greateſt elongation Q V 
and Q T, would be on each fide of thoſe ſtars. 
But if the earth is at B, at the time of either 
of the conjunctions, then at the time of this 
conjunction, the planet will appear in the line 


| BST, and be ſeen among the fixed ſtars at T, 


and 
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and the arcs of the greateſt elongation will be 
on each ſide of theſe ſtars ; that is, the con- 
junctions and elongations will happen in a 
different part of the heavens, when the earth 
is at B, from what they happen when the earth 
is at A. In other reſpects, the foregoing phe- 
nomena will be much the ſame, notwithſtand- 
ing the motion of the earth, only the planet 
will be more direct in the fartheſt part of the 
orbir, and leſs retrograde in the neareſt. 

The inferior planets always appear very 
near the ſun ; but by the motion of the earth in 
it's orbit, the ſun appears in different parts 
of the heavens, in different times of-the year. 
Therefore the inferior planets, as they are 
always very near the ſun, will alſo appear in 
different parts 'of the heavens, at different 
times of the year, And conſequently their 
conjunctions and greateſt elongations will 
ſometimes happen when they are in one part 
of the heavens, and ſometimes when they are 
in another part. Venus, ſeen from the earth, 
will appear to vibrate in an arc V T, half of 
which is on one ſide of the ſun's apparent 
place, and half on the other ſide. 

When an inferior planet, viewed from a 
ſuperior, moves apparently retrograde, the. 
ſuperior planet has alſo an apparently retro- 
grade motion. | 

When a ſuperior planet, viewed from an 

13 inferior, 
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inferior, appears ſtationary, the inferior planet 
viewed at the ſame time from the ſuperior, is 
alſo ſtationary. | 


Or THE PAskESs or VENUS. 


eee 
— 


That the planets are all opake or dark bo- 
dies, and conſequently ſhine only by the light 
they receive from the ſun, is plain, becauſe 
they are not viſible when they are in ſuch 
parts of their orbits as are between the ſun 
and earth, that is, when their illuminated ſide is 
turned from us. 

. The ſun enlightens only half a planet at 
- once; the illuminated hemiſphere is always 
that which is turned towards the ſun, the other 
| hemiſphere of the planet is dark. To ſpeak 
with accuracy, the ſun being larger than any 
of the planets, will illuminate rather more 
than half; but this difference, on account of 
the great diſtance of the ſun from any of the 
planets, is ſo ſmall, that it's light may be con- 
ſidered as coming to them in lines phyſically 

; Parallel. 

Like other opake bodies, they caſt a ſha- 
dow behind them, which is always oppoſite to 
the ſun. The line in the planet's body, which 

\ diſtinguiſhes the lucid from the obſcure part, 
appears ſometimes ſtrait, ſometimes crooked, 
The convex part of the curve is ſometimes 
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towards the ſplendid, and the concave towards 
that which is obſcure, and vice verſa, according 
to the ſituation, of the eye with reſpect to the 
planet, and of the ſun which 1279 the 
planet. 

Hence the inferior planets going round 
the ſun in leſs orbits than our earth does, will 
ſometimes have more, ſometimes leſs of their 
illuminated fide towards us; and as it is the 
illuminated part only which is viſible to us, 
Mercury and Venus will, through a good tele- 
ſcope, exhibit the ſeveral appearances of the 
moon, from a fine thin creſcent to the enlight- 
ened hemiſphere. | He 

If we view Venus through a teleſcope, 
when ſhe follows the ſun's rays on the eaſtern 
ſide, and appears above the horizon after ſun- 
ſet, we ſhall ſee her appear nearly round, and 
but ſmall ; ſhe is at that time beyond the ſun, 
and preſents to us an enlightened hemiſphere, 
As ſhe departs from the ſun towards the eaſt, 
ſhe augments in her apparent ſize; and on 
viewing her through a teleſcope, is ſeen to alter 
her figure, abating of her apparent roundneſs, 
and appearing ſucceſſively like the moon, in the 
different ſtages of her decreaſe. At length, 
when ſhe is at her greateſt elongation, ſhe is 
like the moon in her firſt quarter, and appears 
as ſhe does when froma full, ſhe has decrmnſed 
to a half moon. 

Es, After 
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After this, as ſhe approaches (in appear- 
| ance) to the ſun, ſhe appears concave in her 
illuminated part, as the moon when ſhe forms 
a creſcent ; thus ſhe continues till ſhe is hid 
entirely in the ſun's rays, and preſents to us 
her whole dark hemiſphere, as the moon does 
in her conjunction, no part of the planet being 
then viſible. | 

When ſhe departs out of the ſun's rays on 
the weſtern ſide, we ſee her in the morning, 
juſt before day-break. It is in this ſituation 
that Venus is called the morning ſtar, as in the 
other the is called the evening ſtar. She at 
this time appears very beautiful, like a fine 
thin creſcent: juſta verge of ſilver light is 
ſeen on her edge. From this period ſhe grows 
more and more enlightened every day, till ſhe 
is arrived-at her greateſt digreſſion or elonga- 
tion, when ſhe again appears as a half moon, or 
as the moon in her firſt quarter; from this 
time, if continued to be viewed with a tele- 
ſcope,ſhe is found to be more and more enlight- 
ened, though ſhe is all the while decreaſing in 
magnitude, and thus continues growing ſmaller 
and rounder, till ſhe 1s in hid or loſt in the 
ſun's rays. 

Fig. 1, plate VIII, repreſents the orbits of 
Venus and the earth, with the ſun in the cen- 
ter of them. The planet Venus is drawn in 
eight different ſituations, with it's illuminated 

| hemi- 
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hemiſpheres towards the ſun. If we ſuppoſe 


the earth to be at T, when Venus 1s at A, her 
dark hemiſphere is towards the earth, and ſhe 
is therefore inviſible, except the conjunction 
happens in her node, for then ſhe appears like 
a dark ſpot upon the diſk of the ſun. When 
Venus is at B, a little of her enlightened ſide 
is turned towards the earth, and therefore ſhe 
appears ſharp-horned ; when ſhe is at C, half 
her enlightened hemiſphere is turned towards 
the earth, and ſhe appears like an half moon; 
at D, more than half her enlightened hemi- 
ſphere is towards us, and ſhe appears like the 
moon about three days before it is full ; 

at E, the whole enlightened hemiſphere is 5 


wards the earth, Venus is then either behind 


the ſun, or ſo very near him, that ſhe can 


hardly be ſeen ; but if ſhe could, ſhe would 


appear round, like the full moon. At F ſhe 
is like the moon three days after the full; at 
Glikea half moon again; at H like a creſcent, 
with the points of the horn turned the contrary 
way to what they were at B. A. 161 15 N 
applicable io Mercury, 

Fig 2, plate VIII, exhibits the different 
appearances of Venus, correſponding to her 


ſeveral ſituations in the foregoing figure; thus 
when Venus is at A, fig. 1, ſhe is quite dark, as 
at A, fig. 2; when ſhe is at B, fig. 1, ſhe 9 


1 as at B, fig. 2, &c. 


The 
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The inferior planets do not ſhine brighteſt 
when they are full ; thus Venus does not appear 
brighteſt in her ſuperior conjunction, though 
her illuminated hemiſphere be then turned 
towards us. Her ſplendor is more diminiſhed 
by her being at a greater diſtance from us, 
than the conſpicuous part of her illuminated 
diſk is increaſed. Dr. Halley has ſhewn, 
that Venus is brighteſt when her elongation 
from the ſun is about 40% Mercury is in his 
. greateſt brightneſs, when very near his utmoſt 
elongation. : 


Or THE SUPERIOR PLANETS. 


I have already obſerved, that the greateſt 
elongation of either of the inferior planets is 
leſs than 90, or a quarter of a circle; ſo that 
they are never far from the ſun, but conſtantly 
attend it. But the ſuperior planets do not 
always accompany the ſun, as I have ſhewn 
that the inferior ones do; they are indeed 
ſometimes in conjunction with it, but then 
they are alſo ama in oppoſition to, or 180 
from it. 

Let 8, fig. 3. late VI, be the ſun; 1 BCD 
the orbit of any ſuperior planet, Mars, for in- 
ſtance; E F G the earth's orbit. If the earth 
be at E, the ſun at 8, and the planet at D, the 


| ſun and the planet will be both on the ſame 
| ſide 


* 
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ſide of the earth; and conſequently the planet 
will appear in confundtion with the ſun. But 
as the orbit of the earth is between the ſun and 
the orbit of the ſuperior planet, it is poſſible 
for the earth to be between the ſun and the 
planet, and conſequently for the planet and the 
ſun to be on oppoſite ſides of the earth, or the 
planet to be in oppoſition ; thus, if when the 
_ earth is at E, Mars be at A, he is then in oppo- 
ſition to the ſun. 

A ſuperior planet is in quadrature with the 
ſun, when it's geocentric place is 90 from the 
geocentric place of the ſun. If the earth be 
at E, and Mars at B or C, he is in quadrature 
with the ſun; for the lines A E, E B, form a 
right angle, as do alſo the lines EA, E C. 


Or THE DIRECT, STATIONARY, AND RETRO- 
GRADE MOTION OF THE SUPERIOR PLANETS. 


As the earth goes round the ſun in leſs 
time, and in a leſs orbit than any of the ſupe- 
rior planets, it will not be amiſs to ſuppoſe a 
ſuperior planet to ſtand ſtill in ſome part of it's 
orbit, while the earth goes once round the ſun 
in her's, and confider the appearances the pla- 
nets would then have, which are theſe: 1. 
While the earth is in her moſt diſtant ſemi- 
circle, the apparent motion of the planet would 
be direct. 2. While the earth is in her neareſt | 


ſemi- 
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ſemicircle, the planet would be retrograde. 3. 
While the earth is near the points of contact 
of a line drawn from the planet, ſo as to be a 
tangent to the earth's orbit, the planet would 
be flationary. | - | | 

To illuſtrate this, let ABCDEFGH, 
plate VII, fig. 1, be the orbit of the earth, S the 

ſun, P QO the orbit of Mars, L MN an 
arc of the ec liptic. Let us now ſuppoſe the 
planet Mars to continue at P, while the earth 

goes round in her orbit, according to the order 
of the letters ABC, &. AB CDE F G H 
may be conſidered as ſo many ſtations, from 
- whence an inhabitant of the earth would view 
Mars at different times of the year; and if 
ſtrait lines be drawn from each of theſe ſta- 
tions, through Mars at P, and be continued to 
the ecliptic, they will point out the apparent 
place of Mars, at theſe different ſtations. 

Thus ſuppoſing the earth at A, the planet 
will be ſeen among the ſtars at L; when the 
earth is arrived at B, the planet will appear at 
M; and in the ſame manner when at C D and 
E, it will be ſeen among the ſtars at NR T; 
therefore, while the carth moves over the large 
| part of the orbit AB CD E, the planet will 
have an apparent motion from L to J, and this 
motion is from weft to cat, or the ſame way 
with the earth; and the planet is ſaid to move 
dire, or according to the order of the ſigns, 

When. 


ASTRONOMICAL ESSAYS, 127 


When the earth is near to A and E, the point 
of contact of the tangent to the earth's orbit, 
the planet will be alionary for a ſhort ſpace of 
time. 

When the earth moves from E to H, the 
planet ſeems to return from T to N; but 
while it moves from H to A, it will appear to 
move in a contrary direction, and thus be re- 
ſrograde from N to L, where it will again be 
flationary : and ſince the part of the orbit which 
the carth deſcribes in paſſing from A to E, is 
much greater than the part E H P, though the 
ſpace I L which the planet deſcribes in direct 
and retrograde motion is the ſame, the direct 
motion from L ro T muſt be much ſlower than 
the retrograde mation from T to L. 

When the earth is at C, a line drawn from 
C through S and P to the ecliptic, ſhews that 
Mars is then in conjunction with the ſun, But 
when the earth 1s at H, a line drawn from H 
through P, and continued to the ecliptic, would 
terminate in a point oppoſite; to S; therefore in 
this ſituation Mars would be in oppoſition to 
the ſun. Thus it appears that the motion of 
Mars is direct when in conjunction, and retro- 
grade when in oppoſition. | 

The retrograde motions of the ſuperior 
planets happen oftener, the. ſlower their mo- 
tions are; as the retrograde motions of the in- 
ferior planets happen oftener, the ſwifter their 

| angular 
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angular motions. Becauſe the retrograde mo- 

tions of the ſuperior planets depend upon the 
motions of the earth ; but thoſe of the inferior 
on their own angular motion. A ſuperior 
one is retrograde once in each revolution of 
the earth; an inferior one in every revolution 
of it's own. 


, 


— 


OrhER PHENOMENA OF THE SUPERIOR PLANETS. 


The ſuperior planets are ſometimes nearer 
the earth than at other times ; they alſo appear 
larger, or ſmaller, according to their different 
diſtances from us. Thus ſuppoſe the earth to 
be at C; if Mars by at P, he is the whole dia- 
meter of the earth's orbit er to us, than if 
he were at V, and conf ently his diſk muſt 
appear larger at V than it would be at P. In 
other places, the diſtances of Mars from the 
earth are intermediate. 

The diametex of the earth's orbit bears a 
greater ratio to the diameter of the orbit of 
- Mars, than it does to the diameter of the orbit 
of Jupiter; and a greater to that of Jupiter, 
than of Saturn; conſequently the difference 
between the greateſt and leaſt apparent diame- 
ters is greater in Mars than in Jupiter, and 
greater in Jupiter than in Saturn. 

The ſuperior, like the inferior planets, do 


not al way appears in the ecliptic, their orbits 
being 
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being inclined alſo'to that of the earth; one 
half is therefore above the ecliptic, the other 
half below it, nor are they ever ſeen in it but 
when they are in their nodes. | 

They alſo move in an ellipſe. They are 
ſometimes nearer to, and ſometimes further 
from the earth. Their apparent diameter va- 
ries according to the difference in their dif. 
tance, 


Or ru Secondary PLANETS; OR SATELLITES. 


It has been already ere that four o of 
the primary planets, the earth, Jupiter, Saturn, 
and the Georgium Sidus, are, in their revolu- 
tions round the aun, atte - nag by ſecondary 
n ö 


% 
As the moon turns round the earth, en- 


lightening our night, by reflecting the light ſhe 


receives from the ſun, ſo do the other ſatellites 


enlighten the planets to which they belong, 
and move round thoſe planets at different pe- 
riods of time, proportioned to their ſeveral diſ- 
tances; and as the moon keeps company with 
this earth, in it's annual revolution round the 
ſun, ſo do they ſeverally accompany the planets 


to which they belong in their ſeveral courſes 


round that luminary. 


I ſhall ſpeak here firſt of the moon, | which 


of all the heavenly bodies, excepting the ſun, i is 
K | the 
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the moſt ſplendid and brilliant, the inſeparable 


companion and attendant of our earth. In 


' mythology ſhe was conſidered as Luna, in the 


heavens the radiant planet of the night, upon 


earth as the chaſte Diana, and as the tremen- 


dous Hecate in hell. 
Or THE Moov. 


If we imagine the plane of the moon's or- 
bit to be extended to the ſphere of the heaven, 
it would mark therein a great circle, which 


may be called the moon's apparent orbit; be- 


cauſe the moon appears to the inhabitants of 


the earth to move in that circle, through the 


twelve ſigns of the zodiac, in a periodical 
month. This poſition is illuſtrated by the 


following figure; let E F G H I, fig. 3, plate 


IX, be the orbit of the earth, S the ſun, a be d 
the orbit of the moon, when the earth is at E: 
let AB CD be a great circle in the ſphere of 


the heaven, in the ſame plane with the moon's 


orbit. The moon, by going round her orbit 
according to the order of letters, appears to an 
inhabitant of the earth to go round in the 
great circle AB C D, according to the order 
of thoſe letters: for when the moon is at a, 
ſeen from the earth at E, ſhe appears at A; 


.when the moon is got to b, ſhe appears at B; 


when to c, ſhe will appear at C; when arrived 
— 5 
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at d, ſhe will appear at D. It is true, when 
the moon is at b, the viſual line drawn from 
E, through the moon, terminates in L; as it 
does in M, when the moon is at d; but the 
lines L M and DB being parallel, and not 
farther diſtant from each other than the diſ- 
tance of the earth's orbit, are as to ſenſe coin- 
cident, their diſtance meaſured in the ſphere 
of the heaven being inſenſible: for the ſame 
reaſon, though the earth moves from E to F, 
in the time that the moon goes round her orbit, 
ſo that at the end of a periodical month the 
moon will be at a, and is ſeen from the earth 
at F, in the line FN; the moon will, not with - 
ſtanding, appear at A, the lines FN and E A 
being parallel, and as to ſenſe coincident: in 
like manner, in whatever part of her orbit the 
earth is, as at H or I, the moon, by going round 
in her orbit, will appear to an inhabitant of 
the earth to go round i in the great circle A B 

CTIA | | 
The plane of the moon's orbit extended to 
the heavens, cuts the ecliptic in two oppoſite 

polite. |. _ | 
The two points where the 3 apparent 
orbit thus cuts the ecliptic, are called the 
anoon's nodes. | | | 
The point where the moon appears to croſs 
the ecliptic, as ſhe. goes into north latitude, is 
called. the moon's aſcending node, of which 
K 2 | this 
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this is the character 8 the point where 
the moon goes into ſouth latitude is her de- 
ſcending node, and is marked thus V; the 
moon's aſcending node is often called the dra- 
gon's head; her deſcending node the dragon 3 
tail. x 

The line of the moon's node 18 a line drawn 
from one node to the other. 

The extremities of the line of the nodes 
are not always directed towards the ſame 
points of the ecliptic, but continually ſhift 
their places from eaſt to weſt, or contrary to 
the order of the figns, performing an entire 
revolution about the earth, in the ſpace of 
ſomething leſs than nineteen years. 

The moon appears in the ecliptic only 
when ſhe is in one of her nodes; in all other 
parts of her orbit ſhe is either in north or ſouth 
latitude, ſometimes nearer to, ſometimes fur- 
ther removed from the ecliptic, according as 
ſhe happens to be more or leſs diſtant from the 
nodes. | | 

When the place, in which the moon ap- 
pears to an inhabitant of the earth, is the ſame 
with the ſun's place, ſhe is ſaid to be in con- 
junction. When the moon's place is oppoſite 
to the ſun's place, ſhe is ſaid to be in oppH- 
| tion. When ſhe is a quarter of a circle diſtant 


from the ſun, ſhe is ſaid to be in quadrature. 
Both 
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Both the conjunction and oppoſition * the 


moon are termed /yzzgtes, „ 
The common lunar month, or the, time 
that paſſes between any new moon and the 
next that follows, is called a /ynodical month, 
or a /unation, This month contains 29 days, 
12 hours, 44 minutes, 3 ſeconds. 
A periodic month is the time the moon takes 
up to deſcribe her orbit ; or in other words, the 
time in which the moon performs one entire 
revolution about the earth, from any point in 
the zodiac to the ſame again; and contains 1 
days, 7 hours, 43 minutes. | 
If the earth had no revolution round the 
ſun, or the ſun-had no apparent motion in the 
ecliptic, the periodical and ſynodical month 
would be the ſame ; but as this is not the caſe, 
the moon takes up a longer time to paſs from 
one conjunction to. the next, than to deſcribe 0 
it's whole orbit; or the time between one new 
moon and the 0 is longer than the moon's 
periodical time. 
The moon revolves round the earth from 
weſt to eaſt, and the ſun apparently revolves 
round the earth the ſame way. Now at the 
new moon, or when the ſun and moon are in 
conjunction, they both ſet out from the ſame 
place, to move the ſame way round the earth; 
but the moon moves much faſter than the ſun, 
and conſequently will overtake it; and when 
K 3 i the 
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the moon does overtake it, it will be a new 
moon again. If the ſun had no apparent mo- 
tion in the ecliptic, the moon would come up 
to it, or be in conjunction again, after it had 
gone once round in it's orbit; but as the ſun 
moves forward in the ecliptic, whilſt the moon 
is going round, the moon muſt move a little 
More than once round, before it comes even 
with the ſun, or before it comes to conjunction. 
| Hence it is that the time between one conjunc- 
tion and the next in ſucceſſion, is ſomething 
more than the time the moon takes up to go 
once round it's orbit; or a ſynodical month is 
longer than a periodical one. _ 

In fig. 3, plate VIII, let S be the ſun, CF 
a part of the carth's orbit, M Da diameter of 
the moon's orbit when the earth is at A, and 
m d another diameter parallel to the former, 
when the earth is at. B. Whilſt the earth is at 
A, if the moon be at D, f will be in con- 
junction; and if the carth \ 8 70 continue at 
A, when the moon had gone once round it's | 
orbit, from D through M, ſo as to return to D 
again, it would again be in conjunction. There- 
fore, upon the ſuppoſition that the earth has 
no motion in it's orbit, the periodical and ſy- 
nodical months would be equal to one another, 
But as the earth does not continue at A, it 
will move forward in it's orbit, during the 
errolarion of the moon from A to B; and as 

_— Se the 
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the moon's orbit moves with it, the diameter 
MD will then be in the poſition m d; there- 
fore, when the moon has deſcribed it's orbit, 
it will be at d in this diameter md; but if the 
moon is at d, and the ſun at S, the moon wilt 
not be in conjunction, conſequently the pe- 
riodical month is completed before the ſynodi- 
cal. The moon, in order to come to conjunc- 
tion, when the earth is at B, muſt be ate, in 
the diameter ef; or beſides going once round 
it's orbit, it muſt alſo deſcribe the arc d e. 
The ſynodical month is therefore longer than 
the periodical, by the time the moon takes up 
to deſcribe the arc die. 

This may alſo be explained in another 
manner, by conſidering the apparent motion of 
the ſun ; a view of the ſubject, that may render 
it more eaſy to ſome young minds than the 
foregoing. Thus let us ſuppoſe the earth at reſt 
at E, fig. 4, plate VIII, M the moon in con- 
junction with the fun qt &, while the moon de- 
ſcribes her orbit - about the carth at E, let 
the ſun advance by his apparent annual mo- 
tion from S to D. It is plain that the moon will 
not come in conjunction with the ſun again, 
till, beſides deſcribing her orbit, ſhe hath de- 
ſcribed, over and above, the arc M F corre- 

ſponding to the arc SD. 


Ka Or. 


, | 
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Or Tur Pnasts or THE Moon. 


As the moon goes round the earth in a 
much ſmaller orbit than that in which the 
earth revolves round the ſun, ſometimes more, 
fometimes leſs, and ſometimes no part of her 
enlightened half will be towards us.; hence ſhe 
is inceſſantly varying her appearance; ſome- 
times ſhe looks full upon us, and her viſage 
is all luſtre ; ſometimes ſhe ſhews only half 
her enlightened face, ſoon ſhe appears as a 
radiant creſcent, in a little time all her bright. 
- neſs. vaniſhes, and ſhe becomes a beamleſs orb. 

The full moon, or oppoſition, is that ſtate 
in which her whole diſk is enlightened, and 
we ſee it all bright, and of a circular figure. 
The new moon is when ſhe is in conjunction 
with the ſun; in this ſtate, the whole ſurface 
turned towards us is dark, and is therefore in- 
viſible to us. * 5 | 

Ihe firſt quarter of the moon ſhe appears 
in the form of a ſemicircle, whoſe circumfe- 
rence is turned towards the weſt. At the laſt 
quarter, ſhe appears again under the form of 
a ſemicircle, . but with the circumference 
turned towards the eaſt. 

Theſe phaſes may be illuſtrated in a very 
pleaſing manner to the pupil, by expoſing an 
ivory ball to the ſun, in A variety of poſitions, 
by 
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by which it may preſent a greater or ſmaller 
part of it's illuminated ſurface to the obſerver. 
If it be held nearly in oppoſition, ſo that the 
eye of the obſerver may he almoſt immediately 
between it and the ſun, the greateſt part of 
the enlightened ſide will be ſeen; but if it be 
moved in a circular orbit, towards the ſun, 
the viſible enlightened part will gradually de- 
creaſe, and at laſt 'diſappear, when the ball is 
held directly towards the ſun. Or to apply 
the experiment more immediately to our pur- 
poſe ; if the ball, at any time when the ſun 
and moon are both viſible, be held directly 
between the eye of the obſerver and the moon, 
that part of the ball on which the ſun ſhines, 
will appear exactly of the ſame figure as the 
moon itſelf. | | 
The phaſes of the moon, like thoſe of Ve- 
nus, may alſo be illuſtrated by a diagram; thus, 
in fig. 1, plate IX, let S be the ſun, T the 
earth, ABCDEFGH the orbit of the moon. 
The firſt obſervation to be deduced from this 
figure, is, that the half of the earth and moon, 
which is towards the ſun, is wholly enlightened 
by it; and the other half, which is turned 
from it, is totally dark. When the moon 
is in conjunction with the ſun at A, her en- 
lightened hemiſphere is turned towards the 
ſun, and the dark one towards the earth; in 
which cafe we cannot ſee her, and it is ſaid to 


bes 


by 
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be new moon. When the moon has moved 
from A to B, a ſmall portion a b of her en- 
lightened hemiſphere will be turned towards 
the earth; which portion will appear of the 
form repreſented at B, fig. 2, plate XI, (a 
figure which exhibits the phaſes as _y 15 0 
pear to us). 

As the moon proceeds in her Abit, accord- 
ing to the order of the lettets, more and more 
of her enlightened part is turned towards the 
_ earth. When ſhe arrives at C, in which po- 
ſition ſhe is ſaid to be in quadrature, one half 
of that part towards the earth is enlightened, 
appearing as at C among the phaſes; this 
appearance is called a half moon. When ſhe 
comes to D, the greateſt part of that half 
which is towards us is enlightened; the moon 
is then ſaid to be gibbous, and of that 1 
which is ſeen at D, in fig. 2. | 

When the moon comes to F, ' ſhe is in op- 
poſition to the ſun, and conſequently turns all 
her illuminated ſurface towards the earth, and 
ſhines with a full face, for which reaſon ſhe 
is called a full moon. As ſhe paſſes through 
the other half of her orbit, from E by F G, 
and H to A again, ſhe puts on the ſame phaſes 
as before, but in a contrary order or poſition. 

As the moon, by reflected light from the ſun, 
illuminates the earth, fo the earth does more 


than repay her OI in enlightening the 
1 p | ſurface 
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ſurface of the moon, by the ſun's reflex light, 
which ſhe diffuſes more abundantly upon the 
moon, than the moon does upon us; for the 
ſurface of the earth is conſiderably greater than 
that of the moon, and conſequently, if both 
bodies reflect light in proportion to their ſize, 
the earth will reflect much more light upon 
the moon, than it receives from it. 

In new 'moon, The illuminated fide of the 
earth is fully turned towards the moon, and 
the Lunarians will have a full earth, as we, in 
a ſimilar poſition, have a full moon. And 
from thence ariſes that dim light which is 
obſerved in the old and new moons, whereby, 
beſides the bright and ſhining horns, we can 
perceive the reſt of her body behind them, 

though bur dark and obſcure. Now when 
the moon comes to be in oppoſition to the 
ſun, the earth, ſeen from the moon, will appear 
in conjunction with him, and it's dark fide 
will be turned towards the moon, in which 
poſition the earth will be inviſible to the Lu- 
narians; after this, the earth will appear to 
them as a creſcent. In a word, the earth ex- 
hibits the ſame appearance to the inhabitants 
of the moon, as the moon does to us. 

The moon turns about it's own axis in the 
ſame time that it moves round the earth; it is 
on this account that ſhe always preſents nearly 
the ſame face to us: for by this motion round 

1 her 


— 
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her axis, ſhe turns juſt ſo much of her ſurface 
conſtantly towards us, as by her · motion about 
the earth would be turned from us. This 
motion about her axis is equable and uniform, 
but that about the earth is unequal and irre- 
gular, as being performed in an ellipſis; con- 
ſequently the ſame preciſe part of the moon's 
ſurface can never be ſhewn conſtantly to the 
earth; which is confirmadl®y a teleſcope, by 
which we often obſerve'@ little ſegment on 
the eaſtern and weſtern limb, appear and diſ- 
appear by turns, as if her body librated to and 
fro; this phenomenon is called the moon's 
libration. The lunar motions are ſubject to 
feveral other irregularities, which are fully 
diſcuſſed in the larger works on aſtronomy. 


Or THz SATELLITES of JUPITER, SATURN, AND 
THE GEORGIUM SIDUS, 


The exiſtence of all the ſatellites, except 
the moon, mult have remained unknown, with- 
out the aſſiſtance of the teleſcope. By the 
aſſiſtance of this inſtrument, - Jupiter is found 
to be attended by four, Saturn by ſeven, and 
the Georgium Sidus by two. 

The ſatellites are diſtinguiſhed according 
to their places; into firſt, ſecond, &c. the 
firſt being that which is neareſt the planet. 


They revolve round their reſpective primaries 
2-200 
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in elliptic orbits, the primary planets being 
in the focus. FR . 

The planes of the orbits of the ſecondary 
planets produced, interſect the heliocentric 
_ orbits of their primaries in two oppoſite points, 
which are called their nodes. | 

Again, the planes of the orbits of the ſatel- 
lites produced, interſect the ecliptic in two 
oppoſite points; theſe are called the geocen- 
tric nodes of the ſatellites. 

The orbits of Jupiter's ſatellites are nearly, 
but not exactly, in the ſame plane. This plane 
produced makes an angle of about 3* with 
Jupiter's orbit. The ſecond deviates a little 
from the reſt. | 

The orbirs of Saturn's ſatellites, except 
the 5th, which deviates from the reſt ſeveral 
degrees, are nearly in the ſame plane. They 
are nearly parallel to the plane of the equa- 
tor. The orbit of the 5th ſatellite makes an 
angle with the orbit of it's primary of 13* 8'.. 

The ſyſtem of Jupiter and his ſatellites is 
very large in itſelf; yet, on account of it's im- 
menſe diſtance from us, it appears to occupy 
but a ſmall ſpace in the ſphere. of the ſtarry 
| heavens, and conſequently every fatellite of 
Jupiter appears to us always near it's primary, 
and to have an o/ci/lazory motion, like that of 
a pendulum, going alternately from it's greateſt. 
digreſſion on one ſide the planet, to it's greateſt 

on 
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on the other, ſometimes in a ſtrait line, at 


others in an elliptic curve. | 
When a fatellite is in it's ſuperior ſemicir- 


cle, or that half of it's orbit that is more diſtant 
from the earth, it's motion appears direct to 


us; when a ſatellite is in it's inferior ſemicir- 


cle, neareſt to the earth, the apparent motion 
of it is retrograde. Both theſe motions ſeem 
quickeſt, when the ſatellite is neareſt the cen- 


ter of the primary, and flower when they are 
more diſtant; at the greateſt diſtance they ap- 
pear ſtationary for a ſhort time. 

The ſatellites, and their primaries, mutually 


* eclipſe each other, in the ſame manner in which 


it has been ſhewn that the earth and the moon 
do. But there are three caſes, in which the ſa- 


tellites diſappear to us. 
The one is, when the fatellite is directly 


beyond the body of it's primary, with reſpect 


to the earth; this is called an occultation of the 


planet. 


Another is, when it is directly behind it's 
primary, with reſpect to the ſun, and fo falls 
into it's ſhadow, and ſuffers an eclipſe, as the 
moon, when the earth is interpoſed between 
that and the ſun. | 

The laſt is, when it is . between 
the earth and it's primary; for then it cannot 


be diſtinguiſned from the primary itſelf. 
It 
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It is not often that a ſatellite can be diſco- 
vered upon the diſk of Jupiter, even by the 
beſt teleſcopes, excepting at it's firſt entrance, 
when, by reaſon of it's being more directly 
illuminated by the rays of the ſun, than the pla- 
net itſelf, it appears like a lucid ſpot upon it ; 
ſometimes however a ſatellite is ſeen paſſing 
over the diſk like a dark ſpot ; this has been 
attributed to ſpots on the ſurface of the ſatellite, 
and that the more probably as the ſame ſatel- 
lite has been known to paſs over the diſk at 
one time as a dark ſpot, and at another time to 
be ſo luminous, as only to be diſtinguiſhed from 
the planet at it's ingreſs and egreſs. The begin- 
nings and endings of theſe eclipſes are eaſily 


ſeen by a teleſcope, when the planet is in a 


proper ſituation; but when it is in conjunc- 
tion with the ſun, the brightneſs of that lumi- 
nary renders both the planet and ſatellite 
inviſible. | Sb Ee 
Buy obſerving the eclipſes of Jupiter's ſa- 


tellites, it was diſcovered that light is not pro- 


pagated inſtantaneouſly, though it moves with 


an incredible velocity; ſo that light reaches 
from the ſun to us in the ſpace of eleven mi- 


nutes of time, at more than the rate of 
100,000 miles in a ſecond. . g 

The orbits of all the ſatellites of Saturn, 
except the fifth, are nearly in the ſame plane, 


which plane makes an angle with that of Sa- 
turn's 
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turn's orbit, of about 31®; this inclination is 
fo great, that they cannot paſs either acroſs 
Saturn or behind it, with reſpect to the earth, 


except when they are very near their nodes, ſo 


that their eclipſes are not near ſo frequent as 


thoſe of Jupiter. An occultation of the fourth 
behind the body of Saturn has been obſerved, 
and Caſſini ence ſaw a flar covered by the 
fourth ſatellite, ſo that for 13 minutes they ap- 


' * peared as one. 


Or EcL1pses. 


Thoſe phenomena, that are termed eclip/es, 
were .in former ages beheld with terror and 


amazement, and looked upon as prodigies thar 


portended calamity and miſery to mankind. 
Theſe fears, and the erroneous opinions which 
produced them, had their ſource in the hiero- 
glyphical language of the firſt inhabitants of 
the earth. We do not, however, imagine that 
even the moſt ancient of theſe knew any more 
of the laws and motions of the heavenly bodies, 
than what could be diſcovered from immediate 


fight ; or that they knew enough of the lunar 


ſyſtem to calculate an eclipſe, or even that 


they ever attempted it. 


Ihe word eclip/e is derived from the Greek, 
and fignifies dereliction, a fainting away, or 
ſwooning. Now as the moon falls into the 
| ſhadow 
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madow of the earth, and is deprived of the ſun's 
enlivening rays, at the time of her greateſt 
brightneſs, and even appears pale and languid 
before her obſcuration, lunar eclipſes were 
called lune labores, the ſtruggles or labours of 
the moon; to relieve her from theſe imagined 
diſtreſſes, ſuperſtition . adopted methods as 
impotent as they were abſurd. 

When the moon, by paſſing between us and 
the ſun, deprived the earth of it's light and 
heat, the ſun was thought to turn away his 
face, as if in abhorrence of the crimes of man- 
kind, and to threaten everlaſting night and 
deſtruction to the world. But thanks to the 
advancement of ſcience, which, while it has 
delivered us from the fooliſh fears and idle ap- 
prehenſions of the ancients, leaves us in poſſeſ- 
ſion of their repreſentative knowledge, enables 
us to explain the appearances on which it was 
founded, and points out the perverſion and 
abuſe of it. 

Any opake body, that FOR tothe light 
of the ſun, will caſt a ſnadow behind it. This 
ſhadow is a ſpace deprived of light, into which 
if another body comes, it cannot be ſeen for 
want of light; the body thus falling within 
the ſhadow, is ſaid to be eclipſed. 

The earth and moon being opake beidies, 
and deriving their light from the ſun, do each 
of them caſt a ſhadow behind, or towards the 

hemiſphere oppoſed to the ſun, Now when 
L. either 


Py 
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_ Either the moon or the earth paſſes through = 
the other's ſhadow; it is thereby deprived -of _ 
illumination from the fun, and becomes inviſi- 
ble to a ſpectator on the body from whence the 
ſhadow comes; and ſuch ſpectator will ob- 
ſerve an eclipſe of the body which is paſſing 
through the'ſhadow ; while a ſpectator on the 
body which paſſes through the ſhadow, will 
obſervean eclipſe of the ſun, being deprived or | 
his light. 

Hence there muſt be three bodies e 
in an eclipſe; 1. the luminous body; 2. the 
opake body that caſts the ſhadow ; ; _ 3; che 
| war, involved i in the ſhadow. 


Or Berrrüiss or THE . 


As the earth is an opake body, nad 
by the ſun, it will caſt a ſhadow towards thoſe 
parts that are oppoſite to the ſun, and the axis 
of this ſhadow will always be in the plane of 
the ecliptic, becauſe beth the fun and the 
earth are always there. 

The ſun and the earth are both ſpherical 
bodies; if they were, therefore, of an equal ſize, 
the ſhadow of the earth would be cylindrical, 
as in fig. 5, plate VIII; and would continue 

of the ſame breadth at all diſtances from the 
earth, and would conſequent!y extend to an 
infinite diſtance, ſo that Mars, Jupiter, or 
Saturn, might be r by it; but as the 

planets 
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planets are never eclipſed by the earth, this 
is not the ſhape of the ſhadow, and conſe- 
quently the earth. 1s not equal in ſize to the 
. * | po pre eee: he 
If the ſun were leſs than the earth, the 
ſhadow would be wider the farther it was from 
the earth, ſee fig. 6, plate VIII, and would 
therefore reach to the orbits of Jupiter and Sa- 
turn, and eclipſe any of theſe planets when the 
earth came between the fun and them; but 
the earth never eclipſes them, therefore this is 
not the ſhape of it's ſhadow, and r red 
the ſun is not leſs than the earth. 

N As we have proved that the earth is neither 
larger nor equal to the ſun, we may fairly con- 
clude that itis leſs ; and that the ſhadow of the 
earth is a cone, which ends in a point at ſome 
diſtance from the earth, ſee fig. 7, plate VIII. 
The axis of the earth's ſhadow falls always 
upon that point of the ecliptic that is oppoſite 
to the ſun's geocentric place; thus if the ſun 
be in the firſt. point of Aries, the axis of the 
earth's ſhadow will terminate in the firſt point 
of Libra. It is clear, therefore, that there can 
be no eclipſe of the moon but when -the earth is 
interpoſed between it and the ſun, that is, at the 
time of it's oppoſition, or when it is full; for 
unleſs it is oppoſite to the ſun, it never can be 
in the earth's ſhadow ; and if the moon did 
always move in the plane of the ecliptic, ſhe 
wu every full moon paſs through the body 
L 2 8 of 
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of the ſhadow, and there would be a total 

eclipſe of the moon. | 
We have already obſerved, hey the moon's 
orbit is inclined to the plane of the ecliptic, 
and only coincides with it in two places, 
which are termed the nodes. It may therefore 
be full moon“ without her being in the plane 
of the ecliptic; ſhe may be either on the 
north or the ſouth ſide of it; in either of theſe 
caſes ſhe will not enter into the ſhadow, but 
be above it in the one, below it in the other. 
To illuſtrate this, let H G, fig. 1, plate X, 
repreſent the orbit of the moon, E F the plane 
of the ecliptic, in which the center of the 
earth's ſhadow.always moves, and N the node 
of the moon's orbit; A BCD four places of 
the ſhadow of the carth in the ecliptic. When 
the ſhadow is at A, and the moon at I, there 
will be no eclipſe: when the full moon is 
nearer the node, as at K, only part of her 
globe paſſes through the ſhadow, and that parr 
becoming dark, it is called a partial eclip/e ; 
and it is ſaid to be of ſa many digits as there 
are {welfth parts of the moon's diameter dark- 
ened. When the full moon is at M, ſhe enters 
into 


* Aplangr may be in oppoſition to, or conjunction with the 
ſim, without being in a right line that paſſes through the ſun 
and the earth. Aſtronomers term it in conjunction with the 

| fun, if it be in the ſame part of the zodiac; in oppoſition, if 
ir bo ia @ part of the zodiac, 180 from the ſun. 
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into the ſhadow C; and paſſing through is 


becomes wholly darkened at L, and leaves the 
ſhadow at O: as the whole body of the moon 
is here immerſed in the ſhade, this is called a 
total eclipſe; but when the moon's center paſſes 
through that of the ſhadow, which can only 
happen when ſhe is in the node at N, it is 
called a total and central eclipſe. There will 
always be ſuch eclipſes, when the center of the 


moon and axis of the ſhadow meet in the 


ore; 15356 hats" 


The duration of a central celipſel is ſo long, 


as to let the moon go the length of three of it's 
diameters totally eclipſed, which ſtay in the 
earth's ſhadow is computed to be about four 
hours; whereof the*moon takes one hour, 


from it's beginning to enter the ſhadow, till 


quite immerſed therein; two hours more ſhe 


continues totally dark ; and the fourth hour is 
taken up from her firſt beginning to come out 


of the ſhadow, till ſhe is quite out of it. 


In the beginning of an eclipſe, the moon 
enters the weſtern part of the ſhadow with the 


eaſtern part of her limb; and in the end of it, 
ſhe leaves the eaſtern. part of the ſhadow with 
the weſtern part of her limb. All the inter- 


mediate time, from her entrance to her quit- 


ting the ſhadow, is reckoned into the eclipſe ; 
but only ſo much into the total immerſion, as 
nat while the moon is alrogether obſcured. 

| 1 From 


From the magnitude of the ſun, the ſize of 
the earth, their diſtance from each other, the 
refraction of the atmoſphere, and the diſtance 
of the moon from the earth, it has been cal- 
culated that the ſhadow of the earth termi- 
nates in a point, which does not reach ſo far 
as the moon's orbit. The moon is not, there- 
fore, eclipſed by the ſhadow of the earth alone. 

The atmoſphere, by refracting ſome of the rays 
of the ſun, and reflecting. others, caſts. a ſha- 
dow, though not ſo dark a one as that which 
ariſes from an opake body: when, therefore, 
we ſay that the moon is eclipſed, by paſſing 

— into the ſhadow of the earth, it is to be under 
ſtood of the ſhadow of the earth, together with 
it's atmoſphere. Henge.t- is that the moon 
is viſible in eclipſes, the ſhadow. caſt by the 
atmoſphere! not being ſo dark as that caſt by 
the earth. [The cone of this ſhadow is larger 
than the cone of the earth's ſhadow, the baſe 
thereof broader, the axis longer. There have 
been eclipſes of the moon, in which the moon 
has entirely diſappeared ; - Hevelius mentions 
one 'of this kind, which happened in Auguſt 
1647, when he was not able to diſtinguiſh the 
| _ place of the moon, even with a good telefcope, 
although the ſky was ſufficiently clear for him 
to ſee the ſtars of the fifth magnitude. | 
All opake bodies, when illuminated by the 
maus of the ſun, caſt a ſhadow from them, which 
- „ 
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is encompaſſed by a penumbra, or : thinner 
ſhadow, which every where ſurrounds the for- 
mer, growing larger and larger as we recede 
from the body: in other words, the penumbra 
is all that ſpace ſurrounding the ſhadow, into 
which the rays of light can only come from 
ſome part of that half of the globe of the fun 
which is turned towards the planet, all the reſt 


being intercepted by the intervening body. 


Let 8˖, fig. 2, plate X, be the ſun, E the 
planet, then the penumbral cone is FG H. 
The nearer any part of the penumbra is to the 
| ſhadow, the leſs light it receives from the ſun; 
but the further it is, the more it is enlight- 
ened; thus the parts of the penumbra near M 
are illuminated by thoſe rays of light which 
come from that part of the ſun near to I, all 
the reſt being intercepted by the planet E. 
In like manner, the parts about N can only 
receive the light that comes from the part of 
the ſun near to L; whereas the parts of the 
penumbra at P and Q are enlightened in a 
much greater degree: for the planet intercepts 
from P only thoſe rays which come from the 
ſun near L, and hides from Q only a {mall part 
of the ſun near I. 

The moon paſſes through the ces 
before ſhe enters into the ſhadow of the atmo- 
ſphere. This cauſes her gradually to loſe her 
light, which is not ſenſible at firſt; but as the 

. + | goes 
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goes into the darker part of the penumbra, 
ſne grows paler. The penumbra, where it is 
contiguous to the ſhadow, is ſo dark, that it is 
difficult to diſtinguiſh one from the other. If 
the atmoſphere be ſerene, every eclipſe of the 
moon is viſible at the ſame inſtant to all the 
inhabitants of that ſide of the carth to which 
ſhe is oppoſite. 

The moon, in a total eclipſe, 1 ap- 
pears of a duſky reddiſh colour, eſpecially 
towards the edges; but of a darker cited 
the mau of the ſnado w-. | 


Or Ectipses or kite Bb; 


The moon, when in conjunction, if near 
one of her nodes, will be interpoſed between us 
and the ſun, and will conſequently hide the 
ſun, or a part of him, from us, and caſt a ſha- 
dow upon the earth: this is called an eclip/e of 
the ſun; it may be either partial or total. 

An eclipſe of any lucid body is a deficiency 
or diminution. of light, which would otherwiſe 
come from it to our eye, and 1s cauſed by the 
interpoſition of ſome opake body. 

The eclipſes of the ſun and moon, though 
expreſſed by the ſame word, are in nature very 
different; the ſun, in reality, loſes nothing of 
it's native luſtre in the greateſt eclipſes, but is 

| 71 the ie inceſſantly ſending forth ſtreams 


of 
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of light every way round him, as copiouſly as 


before. Some of theſe ſtreams are, however, 


intercepted in their way towards our earth, by 
the moon coming between the earth and the 
ſunz and the moon having no light of her 
own, and receiving none from the ſun on that 


half of the globe which is towards our eye, 


muſt appear dark, and make ſo much of. the 
ſun's diſk appear ſo, as is hid from us by Ars 
interpoſition. 


What is called an eclipſe of the ſun, is 


therefore, in reality, an eclipſe of the earth, 
which is deprived of the ſun's light, by the 
moon's coming between, and caſting a ſhadow 
upon it. The earth being a globe, only that 


half of it, which at any time is turned towards 


the ſun, can be enlightened by him at that 


time; it is upon ſome part of this enlightened _ 


half of the earth, that the moon's ſhadow, or 
penumbra, falls in a ſolar eclipſe. 


The ſun is always in the plane of the 
ecliptic 3 but the moon being inclined to this 


plane, and only coinciding with it at the nodes, it 
will not cover either the whole or a part of the 
ſun; or in other words, the ſun will not be 


eclipſed, unleſs the moon at that time is in or 


| near one of her nodes. 

The moon, however, cannot be directly be- 
tween the ſun and us, unleſs they are both in 

the ſame pars of the heavens; that is, unleſs 

vi 
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they are in conjunction. Therefore, the ſun 
can never be eclipſed but at the new moon, 
nor even then, unleſs the moon at that time is 
er- da ae gt ee 8 Fo 
From hence it is eaſy to then, [that the 
wry of our Saviour s Crucifixion Was, uot 
owing io an eclipſe of "the fun, . For, the cruci- 
fixion happened at the time of the Jewiſh paſſ- 
over, and the paſſover, by the appointment of 
the law, was to be celebrated at the full moon; 
the ſun could not, therefore, be eclipſed at the 
time of the paſſover. An intelligent tutor will 
find many opportunities of obſerving to his 
pupil, that nature, and philoſophy, which ex- 
. Plains the phenomena of nature, do always 
agree with divine revelation. 
The moon being much ſmaller 1 word 
| earth; and having conical ſhadow, becauſe ſhe 
is leſs than the ſun, can only cover a ſmall part 
of the earth by her ſhadow ; though, as we 
have obſerved before, the whole body of the 
moon may be involved in that of the earth, 
Hence an eclipſe of the ſun is viſible but to a 
few inhabitants of the earth; whereas an 
eclipſe of the moon may be ſeen by all thoſe 
that are on that hemiſphere which is turned 
towards it. In other words, as the moon-can 
never totally eclipfe the earth, there will be 
many parts of the globe that will ſuffer no 
eclipſe, though the ſun be above their hori- 


ZON. 
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An eclipſe of the ſun always begins on the 
weſtern, and ends on the eaſtern ſide; becauſe. 
the moon moving in her orbit from welt to 
eaſt, neceſſarily firſt arrives at and touches the 
ſun's weſtern limb, and goes off at the eaſtern. 

It is not neceſſary, in order to conſtitute a 
central eclipſe of the ſun, that the moon ſhould 
be exactly in the line of the nodes, at the time 
of it's conjunction; for ir is ſufficient to deno- 
minate an "eclipſe of the ſun central, that the 
center of the moon be directly between the 
center of the ſun, and the eye of the ſpectator . 
for to him, the ſun is then centrally eclipſed. 
But as the ſhadow of the moon can cover but 
a {mall portion of the earth, it is obvious this 
may happen when the moon is not in one of 
her nodes. Further, the ſun may be eclipſed 
centrally, totally, ge rk not at all, at the 
ſame time. A 

A total eclipſe of the ſun is a very curious 
ſpectacle : Clavius ſays that, in that which he 
obſerved" in Portugal, in 1650, the obſcurity 
was greater, or more ſenſible than that of the 
night: the largeſt ſtars made their appearance 
for about a minute or two, and the birds were 
ſo terrified, that they fell to the ground. 

Thus in fig. 3, plate X, let AB C be the 
fun, MN the moon, h.1 g part of the cone of 
the moon's ſhadow, f d the penumbra of the 
moon: from this figure it is eaſy to pefceive, 

I. That thoſe parts of the earth that are 

within 
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within the circle repreſented by g h, are co- 
vered by the ſhadow of the moon, ſo that no 
rays can come from any part of the ſun into 
that circle, on account of the FOI" of 
the moon. 

2. In thoſe parts of the earth where the 
penumbra falls, only part of the ſun is viſible ; 
thus between d and g, the parts of the ſun near 
C cannot be ſeen, the rays coming from thence 
towards d or g being intercepted by the moon; 
whereas at the ſame time, the parts between f 
and h are illuminated by rays coming from C, 
but are deprived by the moon of ſuch as come 
from A. ; | 
3- The nearer any ons of the earth, with- 
in the penumbra, is to the ſhadow of the moon, 
as in places near g, l, or h, the leſs portion of 
the ſun is viſible to it's inhabitants; the nearer 
it is to the outſide of the penumbra, as towards 
d, e, or f, the greater n of the ſun may 
be ſeen. 

4. Out of the penumbra, the entire diſk on 
the ſun is viſible. 


Or THE Limits or SOLAR AND LUNAR 
— EcLipsEs. 


The diſtance of the moon in degrees and 
minutes, above or below the ecliptic line, is 


called her lati/uge. if ſhe be above the eclip- 
| om tic, 
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tie, ſhe is ſaid to have north; if below it, ſouth 
latitude. f 
If the latitude at any time exceed the ſum 
of the ſemi- diameter of the moon, equal to 
163 minutes, and the earth's ſhadow equal to 
4561 minutes, the moon at that time cannot be 
eclipſed ; but will either paſs under or over the 
ſhadow, according as ſhe happens to be above 
or below the ecliptic line. | 
The diſtance from the node, either before 
or after it, correſponding to the above extent, 
is about 12 degrees, which is conſequently the 
limit of lunar eclipſes: for when a full moon 
happens. within 12 degrees of the nodes, ſhe 
will be eclipſed; and the nearer to the nad 
the greater will the eclipſe be. | 
If at the new moon, the latitude of 5 ; 
moon exceeds the ſum of the ſemi-diameters - 
of the ſun 161 min. and of the moon 164 min. 
we ſhould ſee no eclipſe of the ſun from the 
center of the earth. But as we view the lumi- 
naries from the ſurface, which is much higher, 
vue are obliged to take in the ſemi-diameter of 
the earth as ſeen from the moon. Then, if 
the latitude of the moon be greater than the 
ſum of theſe three; numbers, 944 minutes, the 
ſun will not be eclipſed ; for the moon will 


| paſs either over or under his diſk; according as 


the is above or below the ecliptic line. The 
diſtance from the node on either ſide agreeing 
to 
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to the above-mentioned extent, is the 18 de- 
grees, which is the utmoſt limit of ſolar 
eclipſes; hence it follows, that if the' ſun 
and moon, at the time of new moon, happen 
to be within 18 degrees * the ne the ſun 
8 _ be Ne" | 


Or TE PRRNIOD or EcL1Psts. 


If the places of the moon's nodes were 
fixed, eclipſes would always happen nearly at 
the ſame time of the year; but as they have a 
mation of about 3 min. 11 ſec. every day 
backwards, or contrary to the order of the 
ſigns, the ſucceeding eclipſe muſt recede like- 
wife; and in one revolution of the nodes, 
which is completed in 18 years, 224 days, 3 
hours, they will revolve in a retrograde man- 
ner through the year, and return to the ſame 
Pe again. | 

But there is a more home pendod. called 
then Chaldean Saros, which is 18 years, II days, 
7 hours, 43 min. for in that time the ſun and 
moon advance juſt as far beyond a complete 
direct revolution in the ecliptic, as the nodes 
want of completing their retrograde one: con- 
ſequently, as the fun and moon meet the nodes 
at the end of that period, the ſame ſolar and 
lunar aſpects, which happened 18 years, 11 
a" 7 hours, 43 min. 480 will return, and 

produce 
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produce eclipſes of both luminaries, for many 
ages, the ſame as before. 
Of ancient aſtronomical obſervations much 


nas hoen ſaid, with very little foundation, by - 


many modern writers: the oldeſt eclipſes of the 
moon that Hipparchus could make any uſe of, 


went no higher than the year before Chriſt 721. 


Whatever obſervations, therefore, the Chal- 
| deans had before this, were Probably very 
rude and imperfect.* 


BON ri AND REPRACTION. 


Adnan is ſubje& to many Ciſfculties, 


+ beſides thoſe which are obvious to every eye. 


When we look at any ſtar in the heavens, we 


do not fee it in it's real place; the rays coming 
from it, when they paſs out of the purer 


etherial medium, into our coarſer and more 


denſe atmoſphere, are refracted, or bent in 
ſuch a manner, as to ſhew the ſtar higher 
than it really is. Hence we ſee all the ſtars 
before they riſe, and after they ſet; and never, 
perhaps, ſee any one in it's true place in the 
heavens. There is another difference in the 


apparent ſituation of the, heavenly bodies, 
which ariſes from the ſtations in which an 
obſerver views them. This difference in ſitua- 


tion is called the parallax of an abject... - 


* Coſtard's Hiſtory of Aſtronomy. 
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Or ParaLLax: 


The parallax of any object is the difference 
between the places that the object is referred 
to in the celeſtial ſphere, when ſeen at the 
ſame time from two different places within 
that ſphere. Or, it is the angle under which 
any two places in the inferior orbits are ſeen 


from a ſuperior planet, or even the fixed 


ſtars. 
The parallaxes principally uſed by aſtro- 


nomers, are thoſe which ariſe from conſidering 


the object as viewed from the centers of the 
earth and the ſun, from the ſurface and center 


of the earth, and from all three compounded. 


The difference between the place of a 
planet, as ſeen from the ſun, and the ſame as 
ſeen from the earth, is called the parallax of 
the annual orbit; in other words, the angle at 
any planet, ſubtended between the ſun and the 
earth, is called the parallax of the earth's or 


annual orbit. 


The diurnal parallax is the change of the 


apparent place of a fixed ſtar, or planet, of any 


celeſtial body, ariſing from it's being viewed 
on the ſurface, or from the center of the 
cart. 

The annual PET of all the planets is 
very conſiderable, but that of the fixed ſtars is 


imperceptible. 
| The 
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The fixed ftars have no diurnal parallax, 
the moon a conſiderable one; that of the 
Planets is n or leſs, OY to mer 
diſtances. 

To explain the parallaxes with refoodhe to 
the earth only, let HS W, fig. 2, plate VII, 
repreſent the earth, T the center thereof, 
o R G part of the moon's orbit, Pr g part of 
a planet's orbit, Z a A part of the ſtarry hea- 
vens. Now to a ſpectator at 8, upon the ſur- 
face of the earth, let the moon appear in G, 
that is, in the ſenſible horizon of S, and it will 
be referred to A; but if viewed from the cen- 
ter T, it will be referred to the "ny D, which 
is it's true places - 

The arc A D will be ads bod tele 
the angle S G T the parallactic angle; or the 
parallax i is expreſfed by the angle under which 
the ſemi- diameter T8 of the earth is ek | 
Bom the moon. 

If the parallax be conſidered with 3 
to o different planets, it will be greater or leſs as 
thoſe objects are more or leſs diſtant from the 
earth ; thus the parallax A D of G1 is ON 
Than, the parallax ad of g. / 

If it be conſidered with reſpect to'the like 
Fon it is evident that the horizontal parallax 
(or the parallax when the object is in the ho- 
rizon) is greateſt of all, and diminiſhes gra- 


* as the body riſes above the horizon, 
M „ 0 
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until it comes to the zenith, where the parallax 

vaniſhes, or becomes equal to nothing. Thus 
AD and a d, the horizontal parallaxes of G 
and g, are greater than a B and a b, the pa- 
rallaxes of R and r; but the objects O and P, 
ſeen from S or T, appear in the ſame place Z. 
or the zenith. 

| By knowing the parallax 55 any celeſtial 
object, it's diſtance from the center of the 
earth may be eaſily obtained by trigonometry. 
Thus if the diſtance of G from T be ſought, in 
the triangle S T G, S T being known, and the 

angle S G T determined by obſervation, the 
fide FT G is thence known. 

The parallax of the moon may be deter- 
mined by two perſons obſerving her from dif- 
ferent ſtations at the ſame time; ſhe: being 

vertical to the one, and horizontal ta the other. 
It is generally concluded to be about g7', 

But the parallax moſt wanted, is that of 
the ſun, whereby his abſolute diſtance from the 
earth is'known ; and hence the abſolute diſ- 
tances of all the other planets would be alfo 
known, from the ſecond Keplerian law. But 
the parallax of the ſun, or the angle under 

Which the ſemi-diameter of the earth would. 

| appear at that diſtance, is fo exceeding ſmall, 
chat a miſtake of a ſecond will cauſe an error 
ef ſeveral millions of miles. 
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Or RePRAcTI Ox. 


As one of the principal objects of aſtro- 
nomy is to fix the ſituation of the ſeveral hea- 
venly bodies, it is neceſſary, as a firſt ſtep, to 
underſtand the cauſes which occaſion a falſe 
appearance of the place of thoſe objects, and 
make us ſuppoſe them in a different ſituation 
from that which they really have. Among 
theſe cauſes refraZion is to be reckoned. By 
this term is meant the bending of the rays of 
light as they paſs out of one medium into 
another. | 
_ The earth is every where ſurrounded by an 
heterogeneous fluid, a mixture of air, vapour, 
and terreſtrial exhalat ions, that extend to the 
regions of the ſky. The rays of light from 
the ſun, moon, and ſtars, in paſſing to a ſpec- 
tator upon earth, come through this medium, 
and are fo refracted in their paſſage through it, 
that their apparent altitude is greater than 
their true altitude. 

Let A C, fig. 3, plate VII, repreſent the 
ſurface of the earth, T it's center, BP a part 
of the atmoſphere, H E K the ſphere of the 

fixed ſtars, A F the ſenſible horizon, G a 
planet, G D a ray of light proceeding from 
the planet to D, where it enters our atmo- 
ſphere, and is refracted towards the line DT, 

M2 which 
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which 1s perpendicular to the ſurface of the 
atmoſphere; and as the upper air is rarer than 
that near the earth, the ray is continually en- 
tering a denſer medium, and is every moment 
bent towards T, which cauſes it to deſcribe a 
curve, as D A, and to enter a ſpectator's eye at 
A, as if it came from E, a point above G. And 
as an object always appears in that line in 
which it enters the eye, the planet will appear 
at E, higher than it's true place, and fre- 
quently above the horizon AF, when it's true 
place i is below it, at G. 

This refraction is greateſt at the horizon, 
and decreaſes very faſt as the altitude in- 
_ creaſes, inſomuch that the refraction at the 

horizon differs from the refraction at a very. 
few degrees above the horizon, by about one- 
third part of the whole quantity. At the ho- 
rizon, in this climate, it is found to be about 
33“. In climates nearer to the equator, where 
the air is purer, the refraction 1s leſs; and in 
the colder climates, nearer to the pole, it 
increaſes exceedingly, and is a happy proviſion 
for lengthening the appearance of the light at 
thoſe regions ſo remote from the ſun. Gaſ- 
ſendus relates, that ſome Hollanders, who 
wintered in Nova Zembla, in latitude 759, 
were ſurprized with a fight of the ſun ſeven- 
teen days before they expected him in the 
horizon. This difference was owing to the 
| refraction 
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refraction of the atmoſphere in that latitude. 
To the. ſame cauſe, together with the peculiar 
obliquity of the moon's orbit to the ecliptic, 
ſome. of theſe very northern regions are in- 
debted for an uninterrupted light from the 
moon. much more than half the month, and 
ſometimes almoſt as long as it 1s capable of 
affording any light to other parts of the earth. 
Through this refraction we are favoured 
with the ſight of the ſun about three minutes 
and a quarter before it riſes above the horizon, 
and alſo as much every evening after it ſets 
below it, which in one year amounts to more 
that 40 hours. | 
It is to this property. of refraction that we 
are alſo indebted for that enjoyment of light 
from the ſun when he is below the horizon, 
which produces the morning and evening 
twilight. The ſun's rays, in falling upon the 
higher part of the atmoſphere, are refſected 
back to our eyes, and form a faint light, which 
gradually augments till it becomes day. It is 
owing to this, that the ſun illuminates the 
whole hemiſphere at once: deprived of the at- 
moſphere, he would have yielded no light, but 
when our eyes were directed towards him; and 
even when he was in meridian ſplendor, the 
heavens would have appeared dark, and as full 
of ſtars as on a fine winter's night. The rays of 
light would have come to us in ſtrait lines, 


M3 the 
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the appearance and diſappearance of the ſun 
would have been inſtantaneous; we ſhould 
have had a ſudden tranſition from the brighteſt 
ſun-ſhine to the moſt profound darkneſs, and 
from thick darkneſs to a blaze of light.. Thus 
by refraction we are prepared gradually for the 
light of the ſun, the duration of it's light is 
prolonged, and the ſhades of darkneſs ſoft- 
ened. | 

To it we muſt attribute another curious 
phenomenon, mentioned by Pliny ; for he re- 
lates, that the moon had been eclipſed once in 
the weſt, at the ſame time that the ſun ap- 
peared above the horizon in the eaſt, Mæſtli- 
nus, in Kepler, ſpeaks of another inſtance of 
the ſame kind, which fell under his own ob- 
ſervation. 


Or THz Fix ED STARS. 


No part of the univerſe gives ſuch enlarged 
ideas of the ſtructure and magnificence of the 
heavens, as the conſideration of the number, 
magnitude, and diſtance of the fixed ſtars. 
We admire indeed, with propriety, the vaſt 
bulk of our own globe; but when we conſider 
how much it is ſurpaſſed by moſt of the hea- 
venly bodies, what a point it degenerates into, 
and how little more even the vaſt orbit in 
which it revolves would appear, when ſeen 

| from 
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from ſome of the fixed ſtars, we begin to con- 
ceive more juſt ideas of the extent of the uni- 
verſe, and of the boundaries of creation. 

The moſt conſpicuous and brighteſt of the 
fixed ſtars of our horizon is Sirius. The earth, 
in moving round the ſun, is 190 millions of 
miles nearer to this ſtar in one part of it's orbit, | 
than in the oppoſite; yet the magnitude of the 
ſtar does not appear to be in the leaſt altered, or 
it's diſtance affected by it; ſo that the diſtance 
of the fixed ſtars is great beyond all compu- 
tation. The unbounded ſpace appears filled, 
at proper diſtances, with theſe ſtars; each of 
which is probably a ſun, with attendant pla- 
nets rolling round it, In this view, what, 
and how amazing, is the * of the uni- 
verſe! 

Though the fixed ſtars are the rity marks 
by which aſtronomers are enabled to judge of 
the courſe of the moveable ones, and we have 
aſſerted their relative poſitions do not vary; 
yet this aſſertion muſt be confined within ſome 
limits; for many of them are found to undergo 
particular changes, and perhaps the whole are 
liable to ſome peculiar motion, which connects 
them with the univerſal ſyſtem of created na- 
ture. Dr. Herſchel even poes ſo far as to ſup- 
poſe, that there is not, in ſtrictneſs of ſpeak- 
ing, one fixed ſtar in the heavens; but that 
there i is a general motion of all the ſtarry ſy ſ- 
„ tems 
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tems, and conſequently of the ſolar one, among 
the ret. 

There are ſome ſtars, whoſe ſituation and 
place were heretofore known, and marked with 
preciſion, that are no longer to be ſeen: new 
ones have alſo been diſcovered, that were un- 


known to the ancients, while numbers ſeem 


gradually ta vaniſh. There are others which 
are found to have a periodical increaſe and de- 
creaſe of magnitude; and it is probable that 
the inſtances of theſe changes would have 
been more numerous, if the ancients had poſ- 


ſeſſed the ſame accurate means of examining 


the heavens as are uſed at preſent. 
New ſtars. offer to the mind a phenomenon 
more ſurprizing, and leſs explicable, than al- 


moſt any other in the ſcience of aſtronomy. I 


ſhall ſele& a-few inſtances of the more remark- 
able ones, for the inſtruction of the young pu- 
pil : a conſideration of the changes that take 
place, at ſo immenſe a diſtance as the ſtars are 


known to be from him, may elevate his mind 


to confider the immenſity os his power, who 


regulates and governs all theſe wide extended 


motions; * who hath meaſured the waters in 
the hollow of bis hand, and meted oul beaven 
with a ſpan." | 

It was a new ſtar Ano by Sl. 


chus, the chief of the ancient aſtronomers, 


thac induced him to compoſe a catalogue of 
19 the 
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as fixed ſtars, that future obſervers might 
learn from his labours, whether any of the 
known ſtars diſappeared, or new ones were - 
produced. The ſame motives engaged the il- 
luſtrious Tycho Brahe to form, with unremit- 
ting labour and aſſiduity, ee e cata- 
logue of the ſtars. 

Of new ſtars, the firſt of which we a a 
good account, is that which was diſcovered in 
the conſtellation Caſſiopea, in the month of 
November of the year 1572, a time when 
aſtronomy was ſufficiently cultivated, to enable 
the aſtronomers to give the account with pre- 
ciſion. It remained viſible about ſixteen 
months; during this time, it kept it's place in 
the heavens, without the leaſt variation. It 
had all the radiance of the fixed ſtars, and 
twinkled like them; and was in all reſpects 
like Sirius, excepting that it ſurpaſſed it in 
brightneſs and magnitude. It appeared larger 
than Jupiter, who was at that time in his pe- 
rigee ; and was ſcarce leſs bright than Venus, 

It was not by degrees that it acquired this 
diameter, but ſhone forth at once of it's full 
ſize and brightneſs, as if of inſtantaneous crea- 
tion. It continued about three weeks. in full 
and entire ſplendor, during which time it 
might be ſeen even at noon day, by thoſe wha 
had good eyes, and knew where to look for it. 
Before it had been ſeen a month, it became 

viſibly 
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viſibly ſmaller, and from thence continued di- 
miniſhing in magnitude till March, 1574, 
when it entirely diſappeared. As it decreafed in 
ſize, it varied in colour; at firſt, it's light was 
white, and extremely bright; it then became 
yellowiſh, afterwards of a ruddy colour, like 
Mars; and finiſhed with a pale De: white, 
reſembling that of Saturn. 

In "Auguſt 1596, Fabricius obſerved a new 
ftar in the neck of the Whale. In 1637, Pho- 
cyllides Holwarda obſerved it again, and not 
knowing that it had been ſeen before, took it 


for a new diſcovery : he watched it's place in 
the heavens, and faw it appear again the ſuc- 


ceeding year, nine months after it's diſappear- 
ance. It has been ſince found to be every year 
very regular in it's period, except that in 1672 
it was miſſed by Hevelius, and not ſeen again 
till 1676. Bullialdus determined the periodi- 
cal time between this ſtar's appearing in it's 
greateſt brightneſs, and returning to it again, 
to be about 333 days; obſerving further, that 


this ſtar did not appear at once in it's full 
magnitude and brightneſs, but * degrees ar- 


rived at them. 
Three changeable, or re-apparent ſtars 
have been diſcovered in the conſtellation of 
the Swan; the firſt was ſeen by Janſonius, in 
16003 the ſecond was diſcovered in 1670; the 


In 
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In the latter end of September, 1604, a new 
ſtar was diſcovered near the heel of the right 
foot of Serpentarius. Kepler, in deſcribing it, 
ſays, that it was preciſely round, without any 
kind of hair, or tail; that it was exactly ike 
one of the ſtars, except that in the vividneſs of 
it's luſtre, and the quickneſs of it's ſparkling, 
it exceeded any thing he had ever ſeen before. 
It was every moment changing into ſome of 
the colours of the rainbow, as yellow, orange, 


purple, and red; though it was generally white, 


when it was at ſome diſtance from the vapours 


of the horizon. Thoſe in general who ſaw it, 


agreed that it was larger than any other fixed 
ſtar, or even any of the planets, except Venus: 
it preſerved it's luſtre and ſize for about three 
weeks ; from this time it grew gradually ſmal- 
ler. Kepler ſuppoſes that it diſappeared ſome 
time between October, 1605, and the February 
following, but on what day is uncertain. 
Beſides theſe ſeveral re- apparent ſtars, ſo 
well characterized and eftabliſhed by the earli- 
eſt among the modern aſtronomers, there have 


been many diſcovered ſince, by Caſſini; Ma- 
raldi, and others; Mr. Montanere ſpeaks of 


having obſerved above one hundred CRANES 


among the fixed ſtars. 
The ſtar Algol, in Meduſa's head, has hari 
obſerved long ſince to appear of different mag- 


nitudes, at different times. The period of it 
| | has 
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has, been lately ſettled by J. Goodrick, Eſq. of 
York. It periodically changes from the firſt 

to the fourth magnitude ; the time employed 

from, one greateſt diminution to the other, 

was, anno 178g, at a mean 2 days, 20 hours, 
49 minutes, 3 ſeconds. 

The cauſes of theſe appearances cannot be 
aſſigned at preſent, with any degree of proba- 
bility; perhaps they have ſome analogy to the 

ſpots on the ſun, which at ſome times appear 
in greater numbers than at others, ſome of 
them bigger than the whole earth; or perhaps 
they are owing to ſome real motions of the 
ſtars themſelves. 

There are ſeveral ſtars that appear ſingle to 
the naked eye, which are, on examination with 
a teleſcope, found to conſiſt of two, three, &c. 
The number of double ſtars obſerved before 
the time of Dr. Herſchel, was but ſmall; but 
this celebrated aſtronomer has noted upwards 
of four hundred; among theſe, ſome that are 
double, others that are treble, double double, 
quadruple, double treble, and multiple; his 
catalogue gives the comparative ſize of theſe 
ſtars, their colour as they appeared to him, 


with ſeveral other very curious particulars. ; 
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Or NEBULZ, AND or HrxschEr's IDEAS RE- 
SPECTING THE CONSTRUCTION OF THE Uxr- 
VERSE. | | Se 


Beſides thoſe appearances of the fixed ſtars 
already noticed, there is another which de- 
ſerves particular attention, namely, the nebulæ, 
or parts of the heavens which appear brighter 
than the reſt. , The moſt remarkable among 
theſe is, that large irregular zone or band of 
whitiſh light which croſſes the ecliptie in 
Cancer and Capricorn, and is inclined therets 

in an angle of about 60 degrees; it is a circle 
biſecting the celeſtial ſphere, irregular in 
breadth and brightneſs, and in many places 
divided into double ſtreams. The principal . 
part runs through the Eagle, the Swan, -C:io. 
pea, Perſeus, and Auriga: it continues it's 
courſe by the head of Monoceros, along by the 
greater Dog, through the Ship, under the Cn 
taur's Feet; till having paſſed the Altar, the 
Scorpion's Tall, and the Bow of men; it 
ends at laſt where it began. £1162 

This curious appearance is owing to a 
multitude of ſmall ſtars, which are too minute 
to be diſtinguiſhed by the naked eye; yet, 
blending their light together, form that white= 

neſs which occupies ſo large a tract of the 
heavens. The milky ay may be conſidered 
| LES: 
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as a conſtellation of teleſcopic ſtars; a ſea of 
them, of great breadth, and of a whitiſh colour, 
encompaſſing the whole heavens : even before 
aſtronomy reaped any benefit from improve- 
ments in optics, Democritus confidered it 
as formed of cluſters of ſmall ſtars. 

Mr. Herſchel's large teleſcope completely 
reſolved the whitiſh appearance of the milky 
way into ſtars. Having viewed and guaged 
this bright zone in all directions, he found it 
compoſed of ſhining ſtars, whoſe number in- 
creaſes and diminiſhes in proportion to it's 
apparent brightneſs to the naked eye. 
The portion of the milky way that he firſt 
obſerved, was. that about the hand and club 
of Orion. Here he found an aſtoniſhing mul- 
titude of ſtars, which he attempted to number. 
By eſtimating the number contained in the 
field of his teleſcope at once, and computing, 
from a mean of theſe, how many might be 
contained in a given portion of the milky 
way, in the moſt vacant places, abour thar 
part, he found 63 ſtars; other ſix fields con- 


| tained 110, 60, 70, 90, 70, and 74 ſtars: a 


mean of theſe gives 79 for the number of ſtars 
in each field; ſo that, allowing 15 minutes for 
the diameter of his field of view, a belt of fifteen 
degrees long, and two degrees broad, could 
not contain leſs than 50,000 ſtars, large enough 


to be diſtinctly numbered; beſides which, he 
| ſuſpected 
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| ſuſpected twice as many more, which could be 
ſeen only now and then by faint glimpſes, for 
want of ſufficient light. 

In the moſt crouded parts of the milky 
way, he has had a field of view of 588 ſtars, 
and theſe continued for many minutes; ſo that 
in one quarter of an hour's time not leſs than 
116,000 ſtars have paſſed through the field of 
his teleſcope. He endeavours to ſhew, that 
the. powers of his teleſcope are ſuch, that it 
will not only reach the ſtars at 497 times the 
diſtance of Sirius, ſo as to diſtinguiſh them, but 
that it aiſo ſhews the united luſtre of the ac- 
cumulated ſtars that compoſe a milky nebu- 
lolity at a far greater diſtance. From theſe 
conſiderations, it is highly probable, that as 
his twenty feet teleſcope does not ſhew ſuch a 
nebuloſity in the milky way, it goes already 
far beyond the extent thereof; and therefore 
a more powerful inſtrument would remove all 
doubr, by expoſing a milky nebuloſity beyond 
the ſtratum, which could then no longer be 
_ miſtaken for the dark ground of the heavens. 

To a ſpectator placed in indefinite ſpace, 
all very remote objeas appear to be equally 
diſtant from the eye. - To judge of the 
milky way only from . we muſt of 
courſe conſider it as a vaſt ring of ſtars ſcat- 
tered promiſcuouſly round the celeſtial regions; 
but a more perfect view of the ſubject will ſhew 

us, 
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us, that the appearance, &c. of this beautiful 
object ariſe from our. eccentric view. Mr. 
Wright, in his Original Theory of the Uni- 


.verſe, 1750,” and Dr. Herſchel fince, in“ The 


Philoſophical Tranfactions, have ſhewn, that 
this appearance may be accounted for, by aſ-_ 
ſuming it's figure as much more extended to- 
wards the apparent zone of illumination, than 
in any other direction. 

Suppoſe, ſays Dr. Herſchel, a number of 


eee between I parallel planes infi- 


nitely extended every way, but at a given 
conſiderable diſtance from each other; and 
calling this a /fderial ftralum, an eye placed 
fomewhere within it, will ſee all the ſtars in 
the directions of the planes projeFed into a 
great circle, lucid on account of the accu- 
mulation of ſtars; while the reſt of the hea- 
vens, at the fides, will only ſeem ſcattered over. 
with conſtellations, more or leſs crowded, ac- 
cording to the diſtance of the planes, or num- 
bers of the ſtars contained in the thickneſs or 
ſides of the ſtratum. 

If the eye be placed wil hont the ſtratum, 
but at no very great diſtance, the appearance 
of the flars within it would form one of the 
leſſer circles of the ſphere, which would be 


more or leſs contracted, according to the _ 


tance 91 The Te 


He 
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He confiders our /ur as placed in that 
ſtratum of ſtars which forms our milky way, 
and as not far from the place where ſome 
ſmaller ſtratum branches out from it. Every 
ſtar in the ſtratum has it's own galaxy, only 
with ſuch variations, in form and luſtre, as 
may ariſe from their particular ſituations. 

According to Dr. Herſchel, the univerſe 
confiſts of nebulæ, or immenſe collections of 
innumerable ſtars, each individual of which 1s - 
a ſun, not only equal, but much ſuperior to 
our's: yet none of the celeſtial bodies, in our 
ſyſtem, are nearer to one another than we are 
to Sirius, who is ſuppoſed to be 400,000 times 
further than the ſun from us; that is, thirty- 
eight millions of millions of miles. The ex- 
tent of the nebula is ſuch in ſome places, that 
the light of a ſtar placed at it's extreme boun- 
dary, ſuppoſing it to fly with the velocity of 
twelve millions of miles every minute, muſt 
have taken near 3000 years to reach us. 

Not content with theſe: conjectures, our 
indefatigable aſtronomer endeavours to trace 
the origin of nebulous ſtars, and gives us hints 
concerning their antiquity. Suppoſing ſome 
to have a greater air of vigour than others, 
he attempts to ſhew that they are at diſtant pe- 
riods ſeparated and ſubdivided, and even decay. 
Theſe compoſitions and decompoſitions he 
pretends to account for, and points out ſome 

22; N | chat 
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that he conſiders as having ſuſtained greater 
ravages of time than others! It is not here 
only that even his very conjectures ſurpaſs all 
human credulity, for you will find him aſſign- 
ing the boundaries of the vaſt periods requiſite 
for forming nebulæ, and hazarding conjectures 
concerning others, as if they were the laba- 
ratories of the univerſe ! _ 

If you are attentive to aſtronomical writers, 
you will ſoon perceive that much of our know= 
ledge of aſtronomy is founded upon conjec- 
ture, though dreſſed up with all the parade 

of mathematical demonſtration. You will find 
much of their reaſoning weak; and you will 
often find them arguing in a circle; and this 
particularly with reſpect to the denſities, 
magnitudes, diſtances, and other affections of 
the planets. Many of their conclufions arc 
deduced from analogy ; a ſpecies of reaſoning 
that in it's beſt form amounts only to proba- 
bility. Many of their ideas are ſupported 
upon an aſſumed attractive power, which they 
modify at pleaſure. 
- Though in a popular work it is impoſſible 

to enter into a diſcuſſion of theſe, points, yet it 
may be uſeful to ſay ſomething concerning the 
value of conjecture, &c. in phyſical ſcienccs. 
The world has been ſo long befooled by hypo- 
theſes in all parts of ſcience, that it is now 


Ty to treat them with contempt. Con- 
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jectures and hypotheſes are the invention and 
works of men, and muſt therefore bear pro- 
portion to the ſkill and capacity of the in- 
ventor ; and will always be very unlike the 
works of God, which it is the buſineſs of mom 
loſophy to diſcover. 

It is natural for men to judge of things leſs 
known, by ſome ſimilitude they obſerve, or 
think they obſerve, between them and things 
more familiar, or better known: in many caſes 
we have no other way of judging. Analogical 
reaſoning is not therefore to be always rejected; | 
but it ought always to be obſerved, that this 
kind of reaſoning can only afford probable 
evidence, that it may lead into error, and 
that it varies in the degrees of it's force 
according to the nature of the truths from 
which we reaſon, according to their greater 
or leſs extent, and according as the inſtances 
compared are more or leſs ſimilar, - 


Or CoMETSs, 


Comets are a kind of ſtars, appearing at 


unexpected times in the heavens, and of fin-= 


gular and various figures, deſcending from far 
diſtant parts of the ſyſtem, with great rapi- 
dity, ſurprizing us with the ſingular appear- 
ance of a train, or tail; and after a ſhore flay 
| N 2 - are 
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are carried off to diſtant regions, and ar- 
prac, 

They were e 1 in ancient times to 
be prodigies hung out by the immediate hand 
of God in the heavens, and intended to alarm 
the world. Their nature being now better 
underſtood, they are no longer terrible: but 
as there are ſtill many who think them to be 
heavenly warnings, portents of future events, 
it may not be improper for the tutor to inform 
his pupil, that the Architect of the univerſe 
has framed every part according to divine 
order, and ſubjected all things to laws and 
regulations; that he does not hurl at random 
ſtars and worlds, and diſorder the ſyſtem of 
the whole glorious frame, to produce falſe 

apprehenſions of diſtant events, fears without 
foundation, and without uſe. Religion glo- 
ries in the teſt of reaſon, of knowledge, and of 
true wiſdom; it is every way connected with, 
and is always elucidated by them. From phi- 
loſophy we may learn, that the more the 
works of the Lord are underſtood, the more he 
muſt be adored; and that his ſuperintendancy 
_ over every portion is more clearly evinced, and 
more fully expreſſed; by their unvaried courſe, 
-than by ten thouſand deviations. 

Ide exiſtence of an univerſal connection 
heiween all the parts. of nature is now gene- 
115 "> rally 
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rally allowed. Comets undoubtedly form a 
part of this great chain; but of the part they 
occupy, and of the uſes for which they exiſt, 
we are equally ignorant. It is a portion of 


ſcience whoſe perfection is reſerved for ſome 


diſtant day, when theſe bodies, and their vaſt 
orbits, may, by long and accurate obſervation, 
be added to the known parts of the ſolar ſyſ- 
tem; when aſtronomy will appear as a neu 


ſcience, after all our diſcoveries, great as we at 


preſent imagine them to be. 

The aſtronomy of comets is very imper- 
fect; for but little can be known with cer- 
tainty where but little can be ſeen. Comets 


afford few obſervations on which to ground 


conjecture, and are for the\ greateſt part 
of their courſe beyond the reach of human 
viſion; but that they are it meteors in the 
air is plain, becauſe they riſe and ſet in the 
ſame manner as the moon and ſtars. They 
are called comets from their having a long 
tail, ſomewhat reſembling the appearance of 
hair: ſome, however, have appeared without 
this appendage, as well defined and round as 


planets. Imperfect as our knowledge is con- 


cerning them, mathematicians have even ven- 
tured to calculate the ſizes of their orbits, 
which they have made ſo great as to ſurpaſs 
ty ordinary bounds of CO > 5 5 
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It is generally ſuppoſed that they are pla- 
netary bodies, making part of our ſyſtem, re- 
volving round the ſun in extremely long 
elliptic curves ; that as the orbit of a comet 
is more or leſs eccentric, the diſtance to which 
they recede from the ſun will be greater or 
leſs. Very great difference has been found by 
obſervation in this reſpect; even ſo great, that 
the ſides of the elliptic orbit in ſome caſes de- 
generate almoſt into right lines, They are 
very numerous; 450 are ſuppoſed to belong te 
our ſolar ſyſtem. 

It is ſuppoſed, that thoſe comets, which go 
to the greateſt diſtance from the ſun, approach 
the neareſt to him at their return. 

Their motions in the heavens are not all 
direct, or according to the order of the ſigns, 
like thoſe of the other planets. The number 
of thaſe which move in a retrograde manner, 
is nearly equal to thoſe whoſe motion is 
direct. | 

The orbits of moſt of them are inclined. in 
very large angles to the plane of the ecliptic. 

The velocity with which they move is 


variable in every part of their orbit: when 


they are near the ſun, they move with incre- 
dible ſwiftneſs ; ;. when very remote from Ra, 
their motion is. inconceiyably ſow. 

When they appear, they come in a direct 


R ww 


fall 
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fall into his body; and after having difap-' 
peared for ſome time, in conſequence of his 
extreme brightneſs, they fly off on the other 
ſide as faſt as/they came, continually loſing 
their ſplendor, till at laſt they totally diſap- 
pear. Their apparent magnitude is very dif- 
ferent; ſometimes ſeeming not bigger than 
the fixed ſtars, at other times equal in dia- 
meter to Venus. Hevelius obſerved one in 
1652, which was not inferior to the moon in 
ſize, though not ſo bright : it's light _ 1 
dim, it's aſpect diſmal, 

A greater number of comets are ſeen i in the 
hemiſphere towards the ſun, than in the oppo-' 
ſite; and are generally inviſible at a ſmaller 
diftance than that of Jupiter. Mr. Brydone 
obſerved one at Palermo, in July 1770, which, 
in twenty-four hours, deſcribed an arch in the 

heavens upwards of fifty degrees in length; fo 
that, if it was far diſtant from the ſun, it muſt 
have moved at the rate of upwards of fixty | 
millions of miles in a day. | 
They differ alſo in form from the other 
planets, conſiſting of a large internal body, 
which ſhines with the reflected light of the 
ſun, and is encompaſſed with a very large at- 
moſphere, apparently of a fine matter, en 
reſembling that of the aurora borealis: this 
is called the head of the comet, and the in- _ 
ternal paygpgthe nucleus. When a comet ar- 
N 4 TIVES, 
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labour in calculating the periods et comets, 
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rives at a certain diſtance from the. ſun, an 


exhalation ariſes from it, which is called the 
tail. 


e tail is always directed to that part of 
the heavens which is directly or nearly oppo- 
ſite to the ſun, and is greater and brighter after 
the comet has paſſed it's perihelium, than in 
it's approach to it; being greateſt of all when 
it has juſt paſſed, the perihelium. The tail of 
the comet of 1680 was of a prodigious ſize, 
extending from the head to a diſtance ſcarcely 
inferior to that of the ſun from the earth. 
No ſatisfactory knowledge has been ac- 
quired concerning the cauſe of that train of 
light which accompanies the comets. Some 


philoſophers: imagine that it is the rarer at- 


moſphere of the comet, impelled by the ſun's 
rays. Others, that it is the atmoſphere of the 
comet riſing in the ſolar atmoſphere, by it's 
ſpecific levity : while others imagine that it is 
a phenomenon of the ſame kind with the au- 
rora borealis, and that this earth would appear 
like a comet to a ſpectator placed in another 
planet. | 

The number of the comets is certainly 
very great, conſiderably beyond any eſtimation 
that might be made from the obſervations we 
now poſſeſs. 

Though aftronomers have beſtowed much 


and 
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and much attention to account for their phe- 
nomena, yet experience bears no teſtimony in 
favour of their opinions, nor have modern cal - 
culators had better ſucceſs. Indeed the im- 
menſe diſtances to which they are ſuppoſed to 
run out, are entirely hypothetical. 


There are, who do not think the preſent 
aſtronomy of comets well eſtabliſned; and 
as ſo many ſmall ones are frequently ſeen, they 
think that nothing can be determined with 
certainty, till ſome better marks are diſco- 
vered for diſtinguiſhing one from another, 
than any at preſent known ; and that even the 
accompliſhment of Dr. Halley's prediction is 
uncertain : for it is very ſingular, that out of 
four years, in which three comets appeared, 
the only one in which no comet was to be ſeen, 
ſhould be that very year in which the greateſt 
aſtronomers that ever exiſted had foretold the 
appearance of one; and in accounting for it's 
non- appearance, Mr. Clairault would have 
been equally ſupported by cometic evidence, 
whether he had concluded the comet to have 
been retarded or accelerated by the action of 
Jupiter and Saturn. A comet appeared in 
1757, as well as in 1755; and had he deter- 
mined the retardation of the comet to be twice 
as great as he did, another appeared in 1760 to 
have verificd his. calculations, 


Or 
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Or Tas Terescoerrc APPEARANCE OF TUE 
| PLANETS. | 


Though by the teleſcope we have been led 
onward in our advances towards a more perfect 
knowledge of the heavenly bodies, and aſtro- 
nomy. being raiſed from little more than a 
catalogue of ſtars into a ſcience; yet by this 
inſtrument men have been led into errors; 
and aſtronomers have indulged in ſpeculations 
that equally deviate from ſound reaſon, _ 
the plain dictates of common ſenfe. | 
The generality of mankind, in all ages, 
have confidered the ſun as a maſs of pure ele- 
mentary fire, ſubſiſting from the creation, and 
ſupported by ſome unknown cauſe, without any 
occaſion for the groſs fuel neceſſary for ſup- 
porting our terreſtrial fires. The conjectures 
of aſtronomers have neither been fo ſimple nor 
ſo rational; limited in their conceptions, they 
have not been able to perceive how fire of any 
kind could ſubſiſt without fuel, and have 
therefore ſuppoſed the ſun and the earth to be 
of a ſimilar ſubſtance, and conſequently, that 
the earth itſelf would be a ſun if ſet on fire. 
Sir Iſaac Newton has even propoſed it as a 
query, whether the ſun and fixed ſtars are not 
great earths made vehemently hot, whoſe parts 


are kept from fuming away by the vaſt weight 
| : „ 


\ 


ASTRONOMICAL ESSAYS, 187 


and denſity of their ſuperincumbent atmo- 
ſphere, and whoſe heat is preſerved by the 
prodigious action and re- action of their parts? 
Others have imagined the ſun to be a body of 
quite a different nature, and have even denied 
him to be poſſeſſed of any inherent heat, though 
they allow him the power of producing it in 
other bodies. . Some have ſuppoſed, that the. 
main body of the ſun has neither light nor 
heat, but that it conſiſts of a vaſt dark globe, 
ſurrounded on all ſides with a thin covering 
of aerial or foggy matter immenſely ſplendid, 
which gives him the power he pofleſſes, &c. 
S - | | 
The only foundation. for theſe wild cone 
jectures, is the appearance of the ſun through 
teleſcopes. By viewing it through theſe in- 
ſtruments, his face is found not to be equally 
bright in all it's parts. A ſlightly ſpotted ap- 
pearance, chiefly on or near the edges, is com- 
monly taken notice of; and very frequently 
dark ſpots of various ſhapes and ſizes are per- 
ceived traverſing the diſk from one edge to the 
other. Theſe ſpots appear at uncertain inter- 
vals; and often change their form while they 
are paſſing over the ſolar diſk, or are broken in 
pieces, enlarge and diminiſn by OY a: which 
we are ignorant. | 
Thoſe who adhere to the „ of; Sit 
I. Newton, ſuppoſe the ſpots to be the ſmoke 
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of new and immenſe volcanoes breaking out 
in the body of the ſun himſelf; while thoſe 
whoare pleaſed with the ſuppoſitions of Profeſſor 
Wilſon, imagine them to be the dark globe 
rendered viſible by the diſplacement of the 
ſhining and ſurrounding matter. 

Though it would be deviating from our 
plan, to ſpend our time in ſpeculations on ſub- 
jets removed ſo far beyond the reach of hu- 


man inveſtigation; yet we can fcarce refrain 


from obſerving, that there is no foundation for 
ſuppoſing that the ſun has any ſolid body. 
Meteors, reſembling that glorious luminary in 
ſplendor, . have been known to ariſe in the 
higher parts of our atmoſphere, though their 
continuance there has been but for a ſhort 
time. No one ſuppoſes that they have any 


ſolid body. It is not therefore unreaſonable 


to ſuppoſe the ſun to be a vaſt collection of 


elementary fire and light, which being ſent 


out from him, by means unknown to us, and 
having accompliſhed the purpoſes for which 
they are deſigned, perpetually return to him, are 
ſent out again, and fo on. Thus the ſun con- 
tinues'to burn unſupported by any terreſtrial 
fuel, and without the leaſt tendency to diminu- 
tion or poſſibility of decay. | 

Of the Moon. From the appearance of this 
luminary through a teleſcope, it ſeems pro- 


Wow _ there are great inequalitięs on her 


ſurface. 
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ſurface. Viewing her at any time, except 
when full, we ſee one of the ſides notched and 
toothed like a ſaw. Many ſmall points appear. 
like ſtars at a ſmall diſtance from the main, 
luminous body, which join it in a little time. 
Theſe are conſidered as the tops of high moun- 
tains, which catch the light of the ſun ſooner 
than .the other parts which are lower. That 
theſe very ſhining parts are higher than the 
reſt of the ſurface, is evident from the appear- 
ance of their ſhadows, which lengthen. and 
ſhorten according to their ſituation with re- 
ſpect to the ſun. Some aſtronomers have un- 
doubtedly made the mountains of the moon 
_ extravagantly high; they have been much re- 
duced by modern calculators. Dr. Herſchel 
has thought he diſcovered volcanoes on her 
diſk. And it is ſuppoſed ſhe has an atmo- 
ſphere, becauſe the limb.of the ſun has been 
obſerved to tremble juſt before the beginning 
of a ſolar eclipſe, and becauſe the planets be- 
come oval at the beginning of an occultation 
behind the moon. 

Mercury being always near the ſun, W 
more is diſtinguiſhed by the teleſcope, than a 
variation of his figure, which is ſometimes that 
of a half moon, ſometimes a little more or leſs 
than half. | | 

Venus, when i in the denn of a creſcent, and 
at her brighteſt times, affords a very pleaſing 


i tele- 


1 
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teleſcopic view, her ſurface being diverſified 
with ſpots like the moon. "The diurnal mo- 
tion of this planet, both as to it's period and 
direction, has not hitherto been decidedly aſ- 
certained : Dr. Herſchel concludes from his 
obſervations, that it's atmoſphere is very con- 
fiderable. He has not been able to find the 
leaſt trace of mountains, and ridicules thoſe 
obſervers who have ſeen ſuch as exceed four, 
five, or even fix times the height of Chimbo 
Taco, the higheſt of our mountains. | 

Mars always appears round except at the 
quadratures, when it's diſk is like that of the 
moon about three days after the full. It's 
atmoſphere is from the ruddineſs of the planet 
ſuppoſed to be very denſe; ſpots are diſcovered 
on his ſurface, but they do not appear fixed: 
Dr. Herſchel has obſerved two white luminous 
circles ſurrounding the poles of this planet, 
which he ſuppoſes to ariſe from the ſnow lying 
about thoſe parts. 

The ſurface of Jupiter is diſtinguiſhed by 
certain Bands or belts, of a duſk ier colour than 
the reſt of his ſurface, running parallel to each 
| other and to the plane of his orbit. They are 

neither regular nor conſtant in their appear- 

ance, ſometimes more, ſometimes fewer being 
perceived; their breadth varies, and ſometimes 
one or more ſpots are formed between the 
belts, 


Saturn's 
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Saturn's diſtance does not permit us with 
common inſtruments to diſtinguiſh many va- 
rieties on his ſurface, but his rig is a fruitful 
ſource for aſtronomical ſpeculation. Dr. Her- 
ſchel, by means of his powerful inſtruments, 
has diſcovered a multiplicity of regular belts, 
which did not change muchduring the courſe of 
his obſervations. From theſe he has found, that 
Saturn has a pretty quick rotation upon it's 
axis, which he has fixed at 10 h. 16 min. ofec. 
He has alſo ſhewn, that the ring of Saturn 
is diviſible into two concentric rings of un- 
equal dimenſions and breadth, fituated in one 
plane, which is probably not much inclined to 
the equator of the planet. Theſe rings are at 
a conſiderable diſtance from each other, the 
ſmalleſt being much leſs in diameter at the 
outſide, than the largeſt is at the inſide: the 
two rings are entirely detached from each 
other, ſo as plainly to perniit the open hea- 
vens to be ſeen through the vacancy between 
them. 

Though much has been unfolded to you in 
the courſe of this eſſay, upon a little conſi- 
deration, you will find the things, of which 
you remain ignorant, infinitely exceed thoſe 
which you know. It is with us as with a child, 
that thinks if he could but juſt come to ſuch 
a field, or climb to the top of ſuch a hill, he 
ſhould be able to touch the ſky ; but no ſooner 


18 
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is he come thither, than he finds it as far off 
as it was before. | N 
It may perhaps be uſeful to point out to 
you the littleneſs of human knowledge, even 
in thoſe ſubjects of which we have been 
treating ; and this I ſhall do principally in the 
words of a late writer. | | 
= How far does the univerſe extend, and 
where are the limits thereof? Where did the 
CreaToR “ ſtay his rapid wheels?“ where 
« fix the golden compaſles ?”* Certainly HIN- 
SELF alone is without bounds, but all hIs 
works are finite. He muſt therefore have 


faid, at ſome point of ſpace, 


one I Bip theſe thy bounds; _ : 
« This be thy juſt circumference, O world!” 


Here the mathematician muſt be filent, and 
wave all calculations, as there can be no ratio 
between bounded and boundleſs ſpace, even 
though the magnitude of the former were 
taken at the utmoſt limit man can conceive, or 
numbers expreſs. But where are the boun- 
daries? Who can tell? All beyond the fixed 
ſtars is utterly hid from the children of men. 
But what do we know of the fixed flars ? 
A great deal, one would imagine; ſince, like 
the Mosr H1cn, we too fell their numbers, 
yea, and call them by their names ! But what 
are thoſe that axe named, in compariſon with 
: thoſe 
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thoſe which our glaſſes diſcover? What are 
two or three thouſand, to thoſe we diſcover in 
the milky way alone? How many then are 
there in the whole expanſe? But to what end 
do they ſerve? To illuminate worlds, and im- 
part light and, heat to their ſeveral choirs of 
planets? or to gild the extremities of the ſolar | 
ſphere, and miniſter to the perpetual circu- 
lation of light and ſpirit ? 

What are comets 2 Planets not full formed, 
or planets deſtroyed by conflagration ? or bo- 
dies of an wholly different nature, of which we 
can form no idea? How ea/y it is to form a 
thouſand conjectures ! how hard to determine 
any thing concerniug them! Can their huge 
_ revolutions be even tolerably accounted for on 
the principles of gravitation and projection? 


What brings them back, when they have tra- 


velled ſo immenſely far? or what whirls them 
on, when, reaſoning juſtly on the ſame powers, 
they ſhould drop into the ſolar fire ? 

What is the /n itſelf? It is undoubtedly 
the moſt glorious of all the inanimate crea- 
tures; and it's uſe we know. God made it to 
rule the day. It is 


« Of this great world both eye and foul.” 


But who knows of what ſubſtance it is com- 
poſed, or even whether it be ſolid or fluid? 
What are the ſpots on it's ſurface? what it's 

O real 
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real magnitude? Here is an unbounded field 
for conjeure ; but what foundation for _ 
knowledge? 

What do we know of the feeblyShining 
bodies the planets, that move regularly round 
the ſun? Their revolutions we are acquainted 
with; but who can regularly demonſtrate to us 
either their magni/ude or their diſtance, unleſs 
he aſſumes it in the uſual way, inferring their 
magnitude from their diſtance, and the diſ- 
tance from the magnitude. What are Ju- 
piter's belts? What is Saturn's ring? The 
honeſt ploughman knows as well as the moſt 
learned aftronomer. | | 

« Sir Iſaac Newton certainly diſcovered 
more of the dependencies, connections, and 
relations of the great ſyſtem of the univerſe, 
than had, previous to his time, been conceded 
to human penetration: yet was he forced to 
bottom all his reaſoning on the hypotbe/is of 
gravilation ; of which he could give no other 
account, than that it was neceſſary to the con- 

clufions he reſted upon it.“ 
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A TREATISE ON THE USE OF THE 
TERRESTRIAL AND CELESTIAL GLOBES. 


— 


Or TRE ADVANTAGES OF GLOBES IN GENERAL, 
FOR ILLUSTRATING THF PRIMARY PRINCI- 
PLES. OFT ASTRONOMY AND GEOGRAPHY ; 
AND PARTICULARLY OF THE ADVANTAGES 
or THE GLOBES, WHEN MOUNTED IN MY 
FarHER's MANNER. 


NIVERSAL approbation, the opinion 

of thoſe that excel in ſcience, and the 
experience of thoſe that are learning, all con- 
cur to prove that the artificial repreſentations - 
of the earth and heavens, on the terfeſtrial and 
celeſtial globes, are the inſtruments the beſt 
adapted to convey natural and genuine ideas 
of aſtronomy and geography to young minds. 
| This ſuperiority they derive principally 
from their form and figure, which communi- 
cates a more juſt idea, and gives a more ade- 
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quate repreſentation of the earth and heavens, 
than can be formed from any other figure. 

To underſtand the nature of the projection 
of either ſphere in plano, requires more know- 
ledge of geometry than is generally poſſeſſed 
by beginners, it's principles are more recluſe, 
and the ſolution of problems more obſcure. 

The motion of the earth upon it's axis is 
one of the moſt important principles both in 
geography and aſtronomy; on it the greater 
part of the phenomena of the viſible world de- 
pend: but there is no invention that can com- 
municate ſo natural a repreſentation of this 
motion, as that of a terreſtrial globe about it's 
axis. By a celeſtial globe, the apparent mo- 
tion of the heavens is alſo repreſented in a 
natural and ſatis factory manner. 

In order to convey a clear idea of the va- 
rious diviſions of the earth, of the ſituation of 
different places, and to obtain an eaſy ſolution 
of the various problems in geography, it is 
neceſſary to conceive many imaginary circles 
delineated on it's ſurface, and to underſtand 
their relation to each other. Now on a globe 
theſe circles have their true form; their inter- 
ſections and relative poſitions are viſible upon 
the moſt curſory inſpection. But in projec- 
tions of the ſphere in plano, the form of theſe 
circles is varied, and their nature changed; 
they are conſequently but ill adapted to convey 

o 
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to young minds the elementary principles of 
geography, 

On a globe, the appearance of the land 
and water 1s perfectly natural and continuous, 
fitted to convey accurate ideas, and leave per- 
manent impreſſions on the moſt tender minds; 
whereas in planiſpheres one-half of the globe 
is ſeparated and disjoined from the other; and 
thoſe parts, which are contiguous. on a globe, 
are here ſeparated and thrown at a diſtance 
from each other. The celeſtial globe has the 
ſame ſuperiority over projections of the hea- 
vens in plano. | 

The globe exhibits every thing in true pro- 
portion, both of figure and ſize; while on a 
planiſphere the reverſe may often be obſerved. 

Preſuming that theſe reaſons ſufficiently 
evince the great advantage of globes over 
either planiſpheres or maps, for obtaining the 
firſt principles of aſtronomical and geographi- 
cal knowledge, I proceed to point out the pre- 
eminence of globes mounted in my father's 
manner, over the common, or rather the old 
and Ptolemaic mode of fitting them up. 

The great and increaſing ſale of his globes 
mounted in the beſt manner may be looked 
upon at leaſt as a proof of approbation from 
numbers; to this I might alſo add, the en- 
couragement they have received from the 
principal tutors of both our univerſities, the 
9 public 


kind of mounting.“ 


they compared it with the earth's poſitions during it's annual 
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public ſanction of the univerſity of Leyden, 
the many editions of my father's treatiſe on 
their uſe, and it's tranſlation into Dutch, &c. 
The recommendation of Meſſ. Arden, Wal- 
ker, Burton, &c. public lecturers in natural 
philoſophy, might alſo be adduced : but leaving 
theſe conſiderations, I ſhall proceed to enu- 
merate the reaſons which give them, in my 
opinion, a decided preference over every other 


The 


* The following note from Mr. Walker's Eaſy Introduc- 
tion to Geography, in fayour of my father's globes, will not, 
I hope, be deemed improper. 

e Simplicity and perſpicuity ſhould ever be ſtudied by 
thoſe who cultivate the young mind; and jarring, oppoſing, 
or equivocal ideas ſhould be avoided almoſt as much as error 
or falſehood. Our globes, till of late years, were equipt 
with an hour circle, which prevented the poles from ſliding 
through the horizon; hence their reftification was generally for 
the place on the earth, inſtead of the fun's place in the ecliptic 5 
which put the globe into ſo unnatural and abſurd a poſition re- 
ſpecting the ſun, that young people were confounded when 


rotation round that luminary, and conſidering the horizon as 


the boundary of day and night, Being, therefore, ſometimes 
obliged to rectify for the place on the earth, and ſometimes 


for the ſun's place in the ecliptic, the two rules claſh ſo un- 


happily in the pupil's mind, that few remember a ſingle pro- 


blem a twelvemonth after the end of their tuition. Globes, 
therefore, with the horary circle, are but partially deſcribed 
in this treatiſe ; the great intention of which is, to make the 
elevations and depreſſions of the poles of a terreſtrial globe ta 


repreſent all the fituations the earth is in to the ſun, for every 
1 | ww 
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The earth, by it's diurnal revolution on it's 
axis, is carried round from welt to eaſt. To 
repreſent this real motion of the earth, and to 
ſolve problems agreeable thereto, it is neceſ- 
fary that the globe, in the ſolution of every 
problem, ſhould be moved: from 2weft to ea; 


and for this purpoſe, that the diviſions on the 


large braſs circle ſhould be on that ſide which 
looks weſtward.* Now this is the caſe in my 
father's mode of mounting the globes, and the 
tutor can thereby explain with eaſe the ra- 
tionale of any problem to his pupil. But in 
the common mode of mounting, the globe 
muſt be moved from eaſt to weft, according to 
the Ptolemaic fyſtem ; and conſequently, if the 
tutor endeavours to ſhew how things obtain in 


nature, he muſt make his pupil unlearn in a 


degree what he has taught him, and by ab- 
ſtraction reverſe the method he has inſtructed 
him to uſe; a practice that we hope will not 
be adopted by many. 8 

04 FRE 


day or hour through the year. The globes of Mr. Adams 


are the moſt favourable for the above mode of rectification of 
any plates we have at preſent; and to malce a quieſcent 
globe to repreſent all the poſitions of one revolving round 
the ſun, turning on an inclined axis, and keeping that axip 


altogether parallel to itſelf, his globes are better adapted than' 


any, I believe, in being.” 


See the Rev. Mr. Hutchins's New-Treatiſe on the Globes, 
p. 33 Adams's Treatiſe on the Globes. 
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The celeſtial globe being intended to re- 
preſent the apparent motion of the heavens, 
ſhould be moved, when uſed, from eaſt to 
weſt. | . | 

Of the phenomena to be explained by the 
terreſtrial globe, the moſt material are thoſe 
which relate to the changes in the ſeaſons; all 
the problems connected with, or depending 
upon theſe phenomena, are explained in- a 
clear, familiar, and natural manner, by the 
globe, when mounted in my father's mode; for 
on rectifying it for any particular day of the 

5 month, it immediately exhibits to the pupil 
the exact ſituation of the globe of the earth for 
that day; and while he is ſolving his problem, 
the reaſon and foundation of it preſents itſelf 
to the eye and underſtanding. 

The globe may alſo be placed with eaſe in 
the poſition of a right ſphere; a circumſtance 
exceedingly uſeful, and which the old con- 
ſtruction of the globes did not admit of. 

By the application of a moveable meridian, 

and an artificial horizon connected with it, it 
is eaſy to explain why the ſun, although he be 
always in one and the ſame place, appears to 
the inhabitants of the earth at different alti- 
tudes, and in different azimuths, which cannot 
be ſo readily done with the common globes. 

On the celeſtial globe there is a moveable 


circle of declination, with an artificial ſun. 
* 06 
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The hraſs wires placed under the globes, 
ſerve to diſtinguiſh, in a natural and ſatisfac- 
tory manner, twilight from total darkneſs, and 
the reaſon of the length of it's duration. 

The next point, wherein they materially 
differ from other globes, is in the hour circle, 
Now it muſt be confeſſed, that to every contriv= 
ance that has been uſed for this purpoſe there 
is ſome objection, and probably no mode can 
be hit upon that will be perfectly free from 
them. The method adopted by my father ap- 
pears to me the leaſt exceptionable, and to 
poſſeſs ſome advantages over every other me- 
thod I am acquainted with. Agreeable to the 
opinion of the firſt aſtronomers, among others 
of M. de la Lande, he uſes the equator for the 
hour circle, not only as the largeſt, but alſo as 
the moſt natural circle that could be employed 
for that purpoſe, and by which alone the ſolu- 
tion of problems could be obtained with the 
greateſt accuracy. As on the terreſtrial globe, 
the longitude of different places is reckoned 
on this circle; and on the celeſtial, the right 
_ aſcenſion of the ſtars, &c. it familiarizes the 
young pupil with them, and their reduction to 
time. This method does not in the leaſt im- 
pede the motion of the globe; but while it 
affords an equal facility of elevating either the 
north or ſouth pole, it prevents the pupil from 
placing them in a wrong poſition; while the 
f . | | horary 
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horary wire ſecures the globe from falling out 
of the frame, 

Another cnc peculiar to theſe 
globes, is the mode of fixing the compaſs. It 
is ſelf-evident, that the tutor, who 1s willing 
to give correct ideas to his pupil, ſhould al- 
ways make him keep the globes with the north 
pole directed towards the north pole of the 
heavens, and that, both in the ſolution of pro- 
blems, and the explanation of phenomena. By 
means of the compaſs, the terreſtrial globe is 
made to ſupply the purpoſe of a tellurian, when 
ſuch an inſtrument is not at hand. I cannot 
terminate this paragraph, without teſtifying 
my diſapprobation of a mode adopted by ſome, 
of making the globe rurn round upon a pin in 
the pillar on which it is ſupported ; .a mode, 
that, while it can give little but relief to indo- 
lence, is leſs firm in it's conſtruction, and tends 
to introduce much confuſion in the mind of 
the pupil. 

In order to prevent that confuſion and per- 
plexity which neceffarily arifes in a young 
mind, when names are made uſe of which do 
not properly characterize the ſubject, my fa- 
ther found it neceſſary, with Mr. Hutchins, 
to term that broad wooden circle which ſup- 
ports the globe, and on which the ſigns of the 
ecliptic and the days of the month are engraved, 


the broad pager circle, inſtead of horizon, by 
which 


o 
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which it had been heretofore denominated. 
The propriety of this change will be evident 


to all thoſe who conſider, that this circle in 


ſome caſes repreſents that which divides light 
from darkneſs, in others the horizon, and 
ſometimes the ecliptic. For fimilar reaſons, 
he was induced to call the brazen circle, in 

which the globes are ſuſpended, the ron 
braſs circle, 

In a word, many operations may be per- 
formed by theſe globes, which cannot be ſolved 
by thoſe mounted in the common manner; 
while all that they can ſolve may be performed 
by theſe, and that with a greater degree of 
perſpicuity ; and many problems may be per- 
formed by theſe at one view, which on the 
other globes require ſucceſſive operations. 

But as, notwithſtanding their ſuperiority, 
the difference in price may make ſome perfons 
prefer the old conſtruction, it may be proper 
to inform them, that they may have my father's 
globes mounted in the o/d manner, at the uſual 
prices. 
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2 II. 
„ . 
ConTAINING A DESCRIPTION OF THE GlogkEs 
MOUNTED IN THE BEST MANNER; TOGETHER 
WITH SOME PRELIMINARY DEFINITIONS. 

, — 


DEIN ITIONs. 


Bxronr we begin to deſcribe the 1 
it will be proper to take ſome notice of 


the properties of a circle, of which a globe 


may be ſaid to be conſtituted. 

A line is generated by the motion of a 
point. 

Let there be ſuppoſed two points, the one 
moveable, the other fixed. 

If the moveable point be made to move 


directly towards the fixed point, it will gene- 


rate in it's motion a ſtrait line. 

If a moveable point be carried round a 
fixed point, keeping always the ſame diſtance 
from it, it will generate a circle, or ſome part 


of 
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of a circle, and the fixed ps will be the 


center of that circle. 

All ſtrait lines going from the center to the 
circumference of a circle, are equal, 

Every ſtrait line that paſſes through the 


center of a globe, and is terminated at both 


ends by it's ſurface, is called a diameter. 

The extremities of a diameter are it's 
poles. | 
If the circumference of a ſemicircle be 
turned round it's diameter, as on an axis, it 
will generate a globe, or ſphere. 

The center of the ſemicircle will be the 
center of the globe; and as all points of the 
generating ſemicircle are at an equal diſtance 
from it's center, ſo all the points of the ſur- 
face of the generated ſphere are at an equal 
diſtance from it's center. 


DrscRiIprION OF THE GLoBts. 


There are two artificial globes. On the ſur- 
face of one of them the heavens are delincated ; 


this is called the celeſtial globe. The other, on 


which the ſurface of the earth is deſcribed, is 
called the /erreftrial globe. 


Fig. 2, plate XIII, repreſents the celeſtial, = 


fig. I, plate XIII, the terreſtrial globe, as 
mounted in my father's manner. 4 
| | . In 
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In uſing the celeſtial globe, we are to con- 
ſider ourſelves as at the center. 

In uſing the terreſtrial globe, we are to 
ſuppoſe ourſelves on ſome point of it's ur- 
Face. ; 

The motion of the terreſtrial globe repre- 
ſents the veal motion of the earth. 

The motion of the celeſtial globe repre- 
ſents the apparent motion of the heavens. 

The motion, therefore, of the celeſtial 
globe, is a motion from eaſt to weſt. 

But the motion of the terreſtrial globe i is a 
motion from weſt to eaſt. | 

On the ſurface of each globe ſeveral cir- 
cles are. deſcribed, to every one of which may 
be applicd what has been ſaid of circles in 
page 205. 


The center of ſome of theſe ks is the 


ſame with the center of the globe; theſe are, 


by way of diſtinction, called great circles. 
Of theſe great circles, ſome are graduated. 
The graduated circles are divided into 3609, 
or equal parts, 90 of which make a quarter of 
a circle, or a quadrant. | 
Thoſe circles, whoſe centers do not paſs 
through the center of the 8 are called 
leſſer tifcles. 
The globes are each of them ſuſpended at 


the poles in a ſtrong braſs circle NZ AS, and 
turn therein upon two iron pins, which are 


the 
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the axis of the globe; they have each a thin 
braſs ſemicircle N HS, moveable about theſe 
poles, with a ſmall thin circle H fliding there- 
on: it is quadrated each way to 9o from the 
equator to either pole. 

On the terreſtrial globe this ſemicircle is a 
moveable meridian. - It's fmall ſliding circle, 
which is divided into a few of the points of 
the mariner's compaſs, is called a terreſtrial 
or viſible horizon, 

On the celeſtial globe this ſemicirele is a 
moveable circle of declination, and it's ſmall 
braſs circle an artificial ſun, or planet. 

Each globe has a braſs wire circle, T W Y, 
placed at the limits of the crepuſculum, or 
twilight, which, together with the globe, is 
mounted in a wooden frame. The upper part, 
B C, is covered with a broad paper circle, 
whoſe plane divides the globe into two hemi- 
ſpheres ; and the whole is ſupported by a neat 
pillar and claw, with a magnetic needle in a 


compalſs-box, marked M. 


A DescriPTIOoNn OF THE CIRCLES DESCRIBED 
ON THE Broad PAPER CIRCLE B C; ToGE- 
THER WITH A GENERAL ACCOUNT OF IT'S 


Usxs. 


It contains four concentric circular ſpaces, 
the innermoſt of which is divided into 3605, 


and 
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and numbered into four quadrants, beginning 
at the eaſt and weſt points, and proceeding 
each way to 90? at the north and ſouth 
points: theſe are the four cardinal points of 
the. horizon. The ſecond circular ſpace con- 
tains, at equal diſtances, the thirty-two points 
of the mariner's compaſs. Another circular 
ſpace is divided into twelve equal parts, repre- 
ſenting the twelve ſigns of the zodiac; theſe 
are again ſubdivided into 3o degrees each, be- 
tween which are engraved their names and 
characters. This ſpace is connected with a 
fourth, which contains the calendar of the 
months and days; each day, on the eighteen- 
inch globes being divided into four parts, ex- 
preſſing 'the four cardinal points of the day, 
according to the Julian reckoning ; by which 
means the ſun's place is very nearly obtained 
for the common years after biſſextile, and the 
intercalary day is inſerted without confuſion. 

In all poſitions of the celeſtial globe, this 
broad paper circle repreſents the plane of the 
horizon, and diſtinguiſhes the viſible from the 

. Inviſible part of the heavens ; but in the ter- 
. reſtrial globe, it is applied to three different 
ſes.” 

1. To diſtinguiſh the points of the hori- 
zon. In this caſe it repreſents the rational ho- 
rizon of any place. 

2. It is uſed to repreſent the circle of 

illumination, 
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3 that circle which ſeparates day 
from night. 

3. It occaſionally repreſents the ecliptic. 

Of the ſtrong Braſs Circle N Z S. One 
fide of this ſtrong braſs circle is graduated into 
four quadrants, each containing 90 degrees. 

The numbers on two of theſe quadrants in- 
creaſe from the equator towards the poles; 
the other two increaſe from the poles towards 
the equator. 

Two of the quadrants are numbered from 
the equator, to ſhew the diſtance of any point 
on the globe from the equator. The other 
two are numbered from the poles, for the more 
ready ſetting the globe to the latitude of any 
place. | 

The ſtrong braſs circle of the celeſtial 
globe is called the meridian, becauſe the center 
of the ſun comes directly under it at noon. 

But as there are other circles on the ter- 
reſtrial globe, which arc called meridians, we 
chuſe to denominate this the firong yy circle, 
or meridian. 

The graduated ſide of the Going braſs 
circle, that belongs to the terreſtrial globe, 
ſhould face the weſt. OE 

The graduated ſide of the ſtrong brazen 
meridian of the celeſtial globe, ſhould face the 
eafl, © X 
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On the ſtrong braſs circle of the terreſtrial 
globe, and at about 2gz degrees on each fide 
of the north pole, the days of each month are 
laid down according to the declination of the 
ſun. 

Of the Horary Circles and their Ss 
When the globes are mounted in my father's 
manner, we uſe the equator as the hour circle; 
becauſe it is not only the moſt natural, but 
alſo the largeſt circle that can be applied for 
that purpoſe. 

To make this circle anſwer the poll; 6 
ſemi-circular wire is placed over it, carrying 
two indices, one on the eaſt, the other on the 
weſt ſide of the ſtrong braſs circle. 

As the equator is divided into 360%, or 24 
hours, the time of one entire revolution of the 


earth or heavens, the indices will ſhew in what 
| ſpace of time any part of ſuch revolution is 
-made among the hours which are graduated 
below the degrees of the equator on either 


globe. 

As the motion cf the terreſtrial globe is 
from weſt to caſt, the horary numbers increaſe 
according to the direction of that motion: on 
the celeſtial globe they increaſe from the eaſt 


to the weſt. | 
Of the Quadrant of Altitude, Z A. This is 


a thin, narrow, flexible flip of braſs, that will 


bend to the TIT of the globe; it has a nut, 
with 


992 eee 
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with a fiducial line upon it, which may be 


readily applied to the diviſions on the ſtrong 
braſs meridian of either globe. One edge of 
the quadrant is divided into 9o degrees, and 
the diviſions are continued to 18 degrees be- 


low the horizon. 


\ 


Or $0ME OF TWE CIRCLES THAT ARE DESCRIBED 


UPON THE SURFACE OF EAch GLoBE. 


We may ſuppoſe as many circles to be de- 


ſcribed on the ſurface of the earth as we pleaſe, 


and conceive them to be extended to the 


ſphere of the heavens, marking thereon con- 


centric circles: for as we are obliged, in order 


to diſtinguiſh one place from another, to ap- 


propriate names to them, ſo are we obliged to 
uſe different circles on the globes, to diſtin- 
guiſh the parts, and their ſeveral relations to 
cach other. _ 

Of the Equator, or Equino#ial. This circle 
goes round the globe exactly in the middle, be- 
tween the two poles, from which it always 
keeps at the ſame diſtance ; or in other words, 
it is every where 90 degrees diſtant from each 
pole, and is therefore a boundary, ſeparating 
the northern from the ſouthern hemiſphere; 


hence it is frequently called 7he line by failors, 


and when they fail over it they are faid to 
croſs the line. FE 
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It is that ciclo in the 3 in which 
the ſun appears to move on thoſe two days, the 


one in the ſpring, the other in the autumn, 


when the days and nights are of an equal 
length all over the world; and hence on the 
celeſtial globe it is generally called the equi- 
noc tial. 

It is graduated into 360 degrees. Upon 


the terreſtrial globe the numbers increaſe from 


the meridian of London weſtward, and pro- 
ceed quite round to 360. They are alſo num- 
bered from the ſame meridian eaſtward, by an 
upper row of figures, to accommodate thoſe 


who uſe the Engliſh tables of latitude and 


longitude. 

On the celeſtial globe, the equatorial de- 
grees are numbered from the firſt point of 
Aries eaſtward, to 360 degrees. 

Under the degrees on cither globe is gra- 
duated a circle of hours and minutes. On the 
celeſtial globe the hours increaſe eaſtward, 
from Aries to XII at Libra, where they begin 
again in the ſame direction, and proceed to XII 
at Aries. But on the terreſtrial globe, the 
horary numbers increaſe by twice twelve hours 
weſtward from the meridian of London to the 
ſame again. 

In turning the globe about, the equator 


Keeps always. under one point of the ſtrong 
| braſs 


OF THE GLOBES, 213 


braſs meridian, from which point the degrees 
on the ſaid circle are numbered both ways. 

Of the Ecliptic. The graduated circle, 

which croſſes the equator obliquely, forming 
with it an angle of about 232 degrees, is called 
the ecliptic. 
This circle is divided into twelve equal 
parts, each of which contains thirty degrees, 
The beginning of each of theſe thirty degrees 
is marked with the characters of the twelve 
ſigns of the zodiac. 

The ſun appears always in this circle; he 
advances therein every day nearly a degree, 
and goes through it exactly in a year. 

The points where this circle croſſes the 
equator are called the equinoctial points. The 
one is at the beginning of Aries, the other at 
the beginning of Libra. | 

The commencement of Cancer and Capri- 
corn are called the /o//titral points. 

The twelve ſigns, and their degrees, are laid 
down on the terreſtrial globe; but upon the 
celeſtial globe, the days of each month are 
graduated juſt under the ecliptic. 

The ecliptic belongs PPD to the 
celeſtial globe. 
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| TRE UsE or THE TERRESTRIAL GLOBR, 
1 | 
| MOUNTED IN THE BEST MANNER, 
| 8 
Or LoncITupeE AND LATITUDE, or Tg- 
RESTRIAL MERIDIANS, AND THE PkOBLEMS 
RELATING To LONGITUDE AND LATITUDE, 


ERIDIANS are circular lines, going over 

the earth's ſurface, from one pole to the 

other, and croſſing the equator at right angles. 

Whatever places theſe circular lines paſs 

through, in going from pole to pole, they are 
the meridians of thoſe places. 

There are no places upon the furface of the 
earth, through which meridians may not be 
conceived to paſs. Every place, therefore, 1s 
ſuppoſed to have a meridian line paſſing over 
It's Zenith from north to ſouth, and going 
through the poles of the world. 

Thus the meridian of Paris is one meri- 
dian; the meridian of London is another. 
This varicty of meridians is ſatisfactorily re- 

| preſented 
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preſented on the globe, by the moveable meri- 
dian, which may be ſet to every individual 
point of the equator, and put directly over any 


particular place. | 
Whenſoever we move towards the eaſt or 


weſt, we change our meridian; but we do not 
change our meridian if we move directly to the 
north or ſouth. 

The moveable meridian ſhews that the 
| Poles of the earth divide every meridian into 
two ſemicircles, one of which paſſes through 
the place whoſe meridian it is, the other 
through a point on the earth, en to that 
place. 

Hence it is, that writers in 8 and 
aſtronomy generally mean by the meridian of 
any place the /emicircle which paſſes through 
that place; theſe, therefore, may be called the 
geographical meridians. 

All places lying under the ſame ſemicircle, 
are ſaid to have the ſame meridian; and the 
ſemicircle oppoſite to it is called the oppoſite 
meridian, or ſometimes the oppoſite part of 
the meridian. 

From the foregoing definitions, it is clear 
that the meridian of any place is immoveably 
fixed to that place, and is carried round along 
with it by the rotation of the globe. 

When the meridian of any place is by the 
revolution of the earth brought to point at the 


ſun, it is noon, or mid-day, at that place. 
P4 The 
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The plane of the meridian of any place may 
be imagined to be extended to the ſphere of 

the fixed ſtars. 

When, by the motion of the earth, the 
plane of a meridian comes to any point in the 
heavens, as the ſun, moon, &c. that point, &c, 
is then ſaid to come to the meridian. Ir is in 
this ſenſe that we generally uſe the expreſſion 
of the ſun or ſtars coming to, or paſſing over 
the meridian. | 

The time which elapſes between the noon 
of any one day in a given place, and the noon 

= of the day following in the ſame place, is 
: called a natural day. 

All places which lie under the ſame meri- 
dian, have their noon, and every other hour of 
the natural day, at the ſame time. Thus when 
it is one in the afternoon at London, it is alſo 
one in the afternoon to every place under the 
meridian of London. 5 

In order to aſcertain the ſituation of any 
point, there muſt firſt be a ſettled part of the 
earth's ſurface, from which to meaſure; and as 
the point to be aſcertained may lic in any part 
of the earth's ſurface, and as this ſurface is 
ſpherical, the place from whence we meaſure 
muſt be a circle. It would be neceſſary, how- 
ever to eſtabliſh two fuch circles; one to know 
how far any place may be eaſt or weſt of ano- 
ther, the ſecond to know it's diſtance north or 

| „ ſouth 
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ſouth of the given point, and thus determine 
it's preciſe ſituation. 

Hence it has been cuſtomary for geogra- 
phers to fix upon the meridian of ſome re- 
markable place, as a firſt meridian, or flandard ; 
and to reckon the diſtance of any place to the 
eaſt or weſt, or it's longitude, by it's diſtance 
from the firſt meridian. On Engliſh globes, 
this firſt meridian is made to paſs through 
London. The poſition of this firſt meridian 
is arbitrary, becauſe on a globe, properly ſpeak- 
ing, there is neither beginning nor end. The 
firſt perſon (whoſe works at leaſt are come 
down to us) who computed the diftance of - 
places by longitudes and latitudes was Ptolemy, 
about the year after Chriſt 140. 

The longitude of any place is it's diſtance 
from the firſt meridian, meaſured by degrees 
on the equator. 

To find the longitude of a place, is to find 
what degree on the equator the meridian. of 
that place croſſes. | 

All places that lie under the ſame meridian, 
are ſaid to have the ſame longitude; all places 
that lie under different meridians, are ſaid to 
have different longitudes ; this difference may 
. be eaſt or weſt, and conſequently the difference 
of longitude between any two places, is the 
diſtance of their. meridians from each other 
meaſured on the equator. 
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Thus if the meridian of any place cuts the 
equator in a point, which is fifteen degrees 
eaſt from that point, where the meridian of 
London cuts the equator, that place is faid to 
differ from London in longitude 15 degrees 
eaſtward. 

Upon the terreſtrial globe dere are 24 
meridians, dividing the equator into 24 cqual 
parts, which are the hour circles of the places 
through which they paſs. 

The diſtance of theſe meridians from each 
other is 15 degrees, or the 24th part of 360 
degrees; thus 15 degrees is equal to one 
hour. 

By the rotation of the earth, the plane of 
every meridian points at the ſun, one hour af. 
ter that meridian which is next to it eaſtward ; 
and thus they ſucceſſively point at the ſun 
every hour, ſo that the planes of the 24 meri- 
dian ſemicireles being extended, paſs Una. 3 
the ſun in a natural day. 

To illuſtrate this, ſuppoſe the plane of the 
ſtrong braſs meridian to coincide with the ſun, 
bring London to this meridian, and then move 


the globe round, and you will find theſe 24 


meridians ſucceſſively paſs under the ſtrong 
braſs meridian, at one hour's diſtance from 
each other; till in 24 hours the earth will re- 
turn to the ſame ſituation, and the meridian of 

| London 


FFF 
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London will again coincide with the ſtrong 


braſs circle. 

By paſſing the globe round, as in the fore- 
going article, it vi be evident to the pupil, 
that if one of theſe meridians, 15 degrees eaſt 
of London, comes to the ſlrong braſs meridian, 


or poinis at the ſun one hour ſooner than the 
i meridian of London, a meridian that is 30 de- 


grees caſt comes two hours ſooner, and ſo on; 


and conſequently they will have noon, and 


every other hour, ſo much ſooner than at Lon- 
don: while thoſe, whoſe meridian is 15 de- 
grees weſtward from London, will have noon 


and cv ery other hour of the day, one hour later 


than at London, and ſo on, in proportion to 
the difference of longitude. Theſe definitions 
being well underſtood, the pupil will be pre- 
pared not only to ſolve, but ſee the ee of 
the following problems. 


PROBLEM I. 


To find the longitude of any place on the globe. 


The reader will find no difficulty in ſolving 
this problem, if he recollects the definition we 
have given of the word longitude, namely, that 
it is the diſtance of any place from the firſt 
meridian meaſured on the equator, There- 
fore, either ſet the moveable meridian to the 
place, or bring the place under the ſtrong braſs 


meri- 
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meridian, and that degree of the equator, which 
18 cut by either of the brazen meridians, is the 
longitude in degrees and minutes, or the hour 
and minute of it's longitude, expreſſed in time. 

As the given place may lie either caſt or 
weſt of the firſt meridian, the longitude may be 
_ expreſſed accordingly. 

It appears moſt natural to reckon the lon- 
gitude always weſtward from the firſt meri- 
dian ; but it is cuſtomary to reckon one half 
round the globe eaſtward, the other half weſt- 
ward from the firſt meridian. To accommodate 
thoſe who may prefer either of thefe plans, 
there are two ſets of numbers on our globes: 
the numbers neareſt the equator increaſe weſt- 
ward, from the meridian of London quite round 
the globe to 360% over which another ſet of 
numbers is engraved, which increaſe the con- 
trary way; ſo that the longitude may be 
reckoned upon the equator, either eaſt or weſt. 

Example. Bring Boſton, in New England, 
to the graduated edge of either the ſtrong 
braſs, or of the moveable meridian, and you 
will find it's Iongitude in degrees to be 70], or 
4 h. 42 min. in time; Rome 12+ degrees eaſt, 
or 50 min. in time; Charles-Town, North- 
America; is 79 deg. 50 min. west. | 


PROBLEM 
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0 PROBLEM II. 


To find the difference of longitude between any 


two places. 


If the pupil underſtands what is meant. by 
the difference of longitude, the rule for the 
ſolution of this problem will naturally occur to 
his mind. Now the difference of longitude 
between any two places is the quantity of an 
angle (at the pole) made by the meridians of 
thoſe places meaſured on the equator. To ex- 
preſs this angle upon the globe, bring the 
moveable meridian to one of the places, and 
the other place under the ſtrong braſs circle, 
and the required angle 1s contained between 
theſe two meridians, the meaſure or quantity 
of which is to be counted on the equator. _ 

Example. I find the longitude of Rome 
to be 124 caſt, that of Conſtantinople to be 29; 
the difference is 174 degrees. Again, I find 
Jeruſalem has 35 deg. 25 min. eaſt longitude 
from London; and Pekin, in China, 116 deg. 
52 min. eaſt longitude ; the difference is 81 deg. 
27 min.; that is, Pekin is 81 deg. 27 min. caſt 
longitude from Jeruſalem ; or Jeruſalem is 81 
_ deg. 27 min. welt longitude from Pekin. 

If one place is caſt, and the other weſt of 
the firſt meridian, either find the longitude of 
both places weſtward, by that fet of numbers 


which. 
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which increaſe weſtward from the meridian of 


London to 360 deg. and the difference between 
the number thus found is the anſwer to the 
queſtion :—or, add the eaſt and weſt longitudes, 
and the ſum is the difference of longitude; thus 
the longitude of Rome is 12 deg. 30 min. caſt, 
of Charles-Town 79 deg. 50 min. weſt; their 
ſum, 91 deg. 20 min. is the difference re- 


- quired. 


It may be proper to obſerve here, that be 
difference in time is the ſame with the difference 
of longitude, conſequently that ſome of the fol- 
lowing problems are only particular caſes of 
this problem, or readier modes of computing 
this difference. | 


PrRoBLEM III. 


T 7 find all thoſe places where it is noon, al any 
| given hour of the day, at any given place. 


General rule. Bring the given place to the 
braſs meridian ; and ſet the index to the up- 
permoſt XII; then turn the globe till the in- 
dex points to the given hour, and it will be 


noon to all the places under the meridian. 


As the diurnal motion of the earth is from 
weſt to eaſt, it is plain that all places which are 
to the eaſt of any meridian, muſt neceſſarily 


paſs by the ſun before a meridian which is to 


the weſt can arrive at it. 
N. B. 
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N. B. As in my father's globes; the XII, or 
firſt meridian, paſſes through London, you have 
only to bring the given hour to the eaſt of 
London, if in the morning, to the braſs meri- 
dian, and all thoſe places which are under it 
will have noon at the given hour; but bring 
the given hour weſtward of London, ifit be in 
the afternoon. 

When it is 4 h. 50 min. in the afternoon at 
Paris, it is noon at New Britain, New England, 
St. Domingo, Terra Firma, Peru, Chili, and 
Terra del Fuego. 

When it is 7 h. 50 min. in the morning at 
Iſpahan, it is noon at the middle of Siberia, 
Chineſe Tartary, China, Borneo. 


PROBLEM IV. 


When it is noon at any place, to find what hour of 
the day it is at any other place. 

Rule. Bring the place at which it is noon, 
to the ſtrong braſs meridian, and ſet the hour 
index to the uppermoſt XII, and then turn the 
globe about till the other place comes under 
the ſtrong braſs meridian, and the hour index 
will ſhew upon the equator the required hour. 
If to the eaſtward of the place where it is 
noon, the hour found will be in the afternoon; 
if to the weſtward, it will be in the forenoon. 

Thus when it is noon at London, it is 50 

| min. 
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min. paſt XII, at Rome; 32 min. paſt VII in 
the evening at Canton, in China ; 15 min. paſt 
VH in the morning at Quebec, in Canada. 


PROBLEM v. 


The hour being given at any place, 1s tell what 
hour it is in any other part of the world. 
* 


Rule. Bring the place where the time is 


required under the ſtrong braſs meridian, ſet 


the hour index to the given time, then turn 
the globe, till the other place is under the braſs 
meridian, and the horary index will point to 
the hour required. 

Thus ſuppoſe we are at London at IX 
o'clock in the morning, what is the time at 
Canton, in China? Anſwer, 31 min. paſt IV 
in the afternoon. When it is IX in the even- 
ing at London, it is about 15 min. paſt IV in 
the afternoon at Quebec, in Canada. = 

Thus alſo when it is III in the afternoon at 
Landen. it is 18 min. paſt X in the forenoon at 
Boſton. When it is VI in the morning at the 
Cape of Good Hope, it is 7 min. after mid- 
night at Quebec. 
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Or LATITUDE. 


I have already obſerved, that the equator 


divides the globe into two hemiſpheres, the 


northern and the ſouthern. 
The latitude af a place is it's diſtance from 


the equator towards the north or ſouth pole, ; 


meaſured by degrees upon the meridian of the 
place. 

| All places, therefore, that lie under the 

equator, are ſaid to have 10 /atitude. 


All other places upon the earth are ſaid to 5 
be in north or ſouth latitude, as they are ſituated 


on the north or ſouth ſide of the equator; and 
the latitude of any place will be greater or leſs, 


according as it is further from, or nearer to the 


n 
Lines, which hes always at the ſame dif. 
tance from each other, are called parallels. 


If a circle, or circular line, be conceived 


e at the ſame diſtance from the equator, 
it will be a parallel to the equator. 
Circles of this kind are commonly drawn 


on the terreſtrial globe, on both ſides of the 


equator. 
A circle of this kind, at 10 degrees from the 
equator, is called a parallel of 10 degrees. 


When any ſuch parallel paſſes through two 
8 places 


* . « Lo 
2 
f * 
—— — ä —, 2 8 ; — — 2 
— 


* 1 - . 
3 — 
= = 1 ks * * 1 


— 


N * — — 
, 3 5 5 1 1 Y — — 
> 8 5 
= — 
— ꝛ.—1— —— — 5 bs 
out 


—— — 


* 
5 1 
2 1 
1 
5 N 
5.4 N 
= 
F- 
8 
' . 
. . 
x; 
743 N. 
1 
= = 
_—_ 7 
( | 
* 4 33 
>, 


| 296 DESCRIFFrOK + AND a 


places on the globe's ſurface, thoſe two places 
have the ſame latitude. | 

Hence parallels to the equator are called 
parallels of latitude. | 

There are four principal leſſer circles Patal- 
lel to the equator, which divide the globe into 
five unequal parts, called Zones. 

The circle on the north ſide of the equator 
is called the tropic of Cancer ; it juſt touches 
the north part of the ecliptic, and ſhews the 
path the ſun appears to Den the longeſt 
day i in ſummer. 

That which is on the ſouth ſide of the equa- 
tor is called the tropic of Capritbyn ; it juſt 
touches the ſouth part of the ecliptic, and 
ſhews the path the fun appears to deſcribe, the 
morteſt day in winter. 

he ſpace between theſe two tropies, 
which contains about 47 degrees, was called by 
the ancients the torrid zone. 

The two polar circles are placed at the 
ſame diſtance from the poles, that the two tro- 
pics are from the equator. 

One of theſe is called the northern, che | 
other the'/outhern polar cirele. | 

Theſe include 234 degrees on each fide *f 
their reſpective poles, and conſequently con- 
tain 47 degrees, equal to the number of degrets 
included between the rropics. 

The — contained within the northern 


polar 
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polar * was by the ancients called the 
norih frigid zone ; and that within the ſouth- 
ern polar circle, the /outh frigid zone. 

The ſpaces between either polar circle, and 
it's neareſt tropic, which contain about 43 de- 
grees each, were called by the ancients the I 

lem Pg Zone s. 


, ' PROBLEM vi. 


To find the latitude of any place. 

Tf the pupil comprehends the foregoing 
definition, he will find no difficulty in the ſo- 
lution of this and ſome of the following pro- 
blems. 

Rule. Bring the pluce to the graduated 
ſide of the ſtrong braſs meridian, and the de- 
gree which is over it is the latitude, Thus 

London will be found to have 51 deg. 30 min. 
north latitude ; Conſtantinople 41 deg. north 
latitude; and the Cape of Good Hope 34 deg. 

ha latitude. 5 | 


PROBLEM VII. 


To find all thoſe places which have the ſame latin 
tude with, any given place. | 


Suppoſe the given place to be London; turn 
the globe round, and all thoſe places which 
paſs under the ſame point of the ſtrong braſs 


meridian, are i in -the ſame. latitude: 
, WMS - Pro» 
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9 PROBLEM 7275 


7 0 find | the difference of Jatituds 1 t 
N | places. 


Rule. If the places be in the ſame "PL 
ſphere, bring each of them to the meridian, 
and ſubtract the latitude of one from the 
other. If they are in different hemiſpheres, 
add the latitude of one to that of the other. 

Example. The latitude of London is 51 
deg. 32 min.; that of Conſtantinople 41 deg. ; 
their difference is 10 deg. 32 min. The 
difference between London, 51 deg. 32 min. 
north, and the Cape of Good Hope, 34 deg. 
fouth, is 84 deg. 32 min. 
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. PROBLEM _ 


The latitude For Wenn of any place being 
known, to find that place upon the globe. 


Rule. Seek for the given longitude in 
the equator, and bring the moveable meri- 
dian to that point; then count from the 
. Equator on the meridian, the degree of latitude 
either towards the north or ſouth pole, and 
bring the artificial horizon to that degree, and 
the interſection of it's edge with the meridian 
is the ſituation required. 

By this problem any place not . | 


on the globe may be taid down thereon, and 
it 
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it may be ſeen where a ſhip is when it's lati- 


tude and longitude are known. 


Example. The latitude of Smyrna, in 
Aſia, is 38 deg. 28 min. north; it's longitude 
27 deg. 30 min. eaſt of London; therefore, 
bring 27 deg. 30 min. counted eaſtward on 
the equator, to the moveable meridian, and 


ſlide the diameter of the artificial horizon to 


38 deg. 28 min. north latitude, and it's center 
will be correQly placed over Smyrna. 

It may be proper in this place juſt to ſnew 
the pupil, that he latitude of any place is always 
equal to the elevation. of the pole of the ſame place 
above the horizon. The reaſon of this is, that 
from the equator to the pole are ge degrees, 


from the zenith to the horizon are alſo go 


degrees; the diſtance of the zenith to the pole 
is common to both, and therefore if taken 
away from both, muſt leave equal remains; 


that is, the diſtance from the equator-to the 


zenith, which is the latitude, is equal t to the 
elevation of the pole. 


Or FINDING THE LoxGITUDE. 


As the finding the longitude of places 


forms one of the moſt important problems in 


geography and aſtronomy, ſome further ac- 
count of it, it is preſumed, will prove enter- 
taining and uſeful to the reader. 
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For what can be mort inteteltißg to a 
perſon i in a long voyage, than to be able to tell 
upon what part of the globe he is, fo know 
how far he has travelled, what diſtance he has 
to go, and how he muſt direct his courſe to 
arrive at the place he deſigns to vifit? Theſe 
important patticulats ate all determined by 
knowing the latitude and longitude of the place 
under conſideration. When the Uiſcovery of 
the compaſs invired the voyager t6 quit his 


native ſhore, and ventufe himſelf upbn an un- 


known ocean, that knowledge, which before 
he deemed of no importance, now became a 
matter of abſolute neceſſity. Floating in a 
frail veſſel, upon an uncertain ' abyſs, he has 


_ conſigned himſelf to the mercy of the winds 


and Waves, and knows not where he is.“ 
The following inſtance will prove of what 

uſe it is toknow the longitude of places at ſea. 

The editor of Lord Anſon's voyage, ſpeaking 


of the iſland of Juan Fernandez, adds, „The 


uncertainty we were in of it's poſition, and our 


_ ſtanding in for the main on the 28th of May, 
in order to ſecure a ſufficient caſting, when we 


were indeed extremely near it, coſt us the lives 
of between 79 and 80 of our men, by our 


longer continuance at fea ;' from which fatal 


accident we might have been exempted, had 
* Bonnycaſtle's Aſtronomy, | 
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we been furniſhed with ſuch an account of 
it's naten. as we could fully have hain 
on,” 

The 3 of a ae the Gib can Rt 
diſcover; but the longitude is a ſubject of the 
utmoſt difficulty, for the diſcovery of which 
many methods have been deviſed. It is indeed 
of ſo great conſequence, that the parliament of 
Great Britain propoſed a reward of 10,000 /. if 
it extended only to 1 degree of a great circle, 
or 60 geographical miles ; 1 5, 000l. if found to 
40 ſuch miles; and 20,9001. to the perſon that 
. can find it within 30 minutes of a great circle, | 
or 30 geographical miles. 

As I cannot enter fully into this ſubject i in 
theſe. eſſays, it will, I hope, be deemed ſuf- 
ficient, , if I give ſuch an account as will ena- 
ble the reader to form a general idea of the 
ſolution of this important problem. 

From what has been ſeen in the preceding 
pages, it is evident that 15 degrees in longitude 
anſwer to one hour in time, and conſequently 
that the longitude of any place would be 
known, if we knew their difference in time: 
or in other words, how much ſooner the ſun, 
&c. arrives at the meridian of one place, than 
that of another. The hours and degrecs being | 
in this reſpect commenſurate, it is as proper 
to expreſs the aa of : any place in time as 
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Now it is clear, that this difference in time 


| would be eaſily aſcertained by the obſervation 


of any inſtantaneous appearance in the heavens, 
at two diſtant places; for the difference in 
time at which the ſame phenomenon is obſer- 


ved, will be the diſtance of the two places 


from each other in longitude. On this prin- 


ciple, moſt of the methods in general uſe are 


founded. 

Thus ifa clock, or watch, was ſo contrived, 
as to go uniformly in all ſeaſons, and in all 
places; ſuch a watch being regulated to Lon- 
don time, would always ſhew the time of the 
day at London; then the time of the day under 


any other meridian being found, the difference 


between that time, and the correſponding 
London time, would give the difference in 


longitude. 


For ſuppoſing any perſon poſſeſſed of one of 


theſe time-pieces, to ſet out on a journey from 


London, if his time-piece be accurately adjuſ- 
ted, wherever he is, he will always know the 


Hour at London exactly; and when he has pro- 
ceeded fo far either eaſtward or weſtward, that 


a difference is perceived betwixt the hour 
ſhewn by his time- piece, and thoſe of the 


Clocks and watches at the places to which he 


goes, the diſtance of thoſe places from London 
in longitude will be known. But to whatever 


* of PRE ſuch . may be 


made, 
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made, yet as every mechanical inſtrument 1s 
liable to be injured by various accidents, other 
methods are obliged to be uſed, as the eclipſes 
of the ſun and moon, or of Jupiter's ſatellites. 
Thus ſuppoſing the moment of the beginning 
of an eclipſe was at ten oclock at night at 
London, and by accounts from two obſervers 
in two other places, it appears that it began 
with one of them at nine o' clock, and with the 
other at midnight ; it is plain, that the place 
where it began at nine is one hour, or 15 de- 
grees eaſt in longitude from London; the other 
place where it began at midnight, is go degrees 
diſtant in weſt longitude from London, Eclip- 
ſes of the ſun and moon do not, however, hap- 


pen often enough to anſwer the purpoſes of 


navigation; and the motion of a ſhip at ſea 
prevents the obſervations of thoſe of Jupiter's 
farellite. | 

If the place of any celeſtial body be com- 
puted, for example, as in an almanack, for every 
day or to parts of days, to any given meridian, 
and the place of this celeſtial body can be found 
by obſervation at ſea, the difference of time 
between the time of obſervation and the com- 
puted time, will be the difference of longitude 
in time. The moon is found to be the moſt 
proper celeſtial object, and the obſervation of 
her appulſes to any fixed ſtar is reckoned one 
pf the beſt methods for reſolving this difficult 
problem. 
| | LENOTrn 
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Suppoſing che earth to be a perfect globe, 
the length of a degree upon the meridian has 
been eſtimated to be 69,1 miles; but as the 
earth is an oblate ſpheroid, the length of a 
degree on the equator will be ſomewhat greater. 
Whether the earth be conſidered as a ſphe- 
roid or a globe, all the meridians interſe& one 
another at the poles. ; Therefore, the number 
of miles ina degree muſt always decreaſe as you 
go north or ſouth from the. equator. This is 
evident by inſpection of a globe, where the 
parallels of latitude are found to be ſmaller in 
proportion as they are nearer the pole. Hence 
it is that a degree of longitude is no where the 
ſame, but upon the ſame parallel; and that a 
degree of longitude is equal to a degree of 
latitude only upon the equator, 

The following table ſhews how many geo- 
graphical miles, and decimal parts of a mile, 
would be contained in a degree of longitude, 
at each degree of latitude from the equator to 
the poles, if the earth was a perfect ſphere, and 
the circumference of it's equinoctial line 360 
degrees, and each degree 60 geographical 
miles, 

| This table enables us to determine the velo- 


eity with which places upon the globe revolve 
caltward ; 
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eaſtward ; for the velocity is different, accord- 
ing to the diſtance of the places from the 
equator, being ſwiſteſt as paſſing through a 
greater ſpace, and fo by degrees ſlower towards 
the pole, as. paſſing through a leſs ſpace in the 
| ſame time. Now as every part of the earth is 
moved through the ſpace of it's circumference, 
or 360 degrees, in 24 hours; the ſpace deſ- 
cribed in one hour is found by dividing 360 by 
24, which gives in the quotient 1,5 degrees; 
and ſo many degrees does every place on the 
earth move in an hour. The number of miles 
contained in ſo many degrees in any latitude, is 
readily found from the table. 

Thus under the equator places revolve at 
the rate of more than 1000 miles in an hour; 
at London, at the rate of about 640 miles in 

an hour. . 


. 


+ LAT. LAT. LAT. | 
Deg. Miles. Deg. Mites, | Deg. Miles. 
o 60,000 10 59,8 20 56,38 
59,99 IT 558,89 21 56,01 
59,95 12 3538,68 21 
0 58,46 23 $5,293 
59,866 14 58,22 24 $4,81 
595 57.95 25 54.38 
59,67. 16 57,67 26 53,93 
59586. 17 57.37 27 5346 
% TT. 
59,26 19 56,)3 29 52,47 
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LAT. LAT. LAT. 
Dig. Miles, Deg. Miles. Deg. Mfſer. 
30 51,96 51 37,76 72 18,55 
31 51,43 52 36,94 73 1754 
32 50,88 83 36,11 74 16,53 
33 50,32 54 35,26 75 15,52 
34 49,% 55 34,41 76 14,41 
35 49415 56 33355 77 13,50 
36 48,54 57 32,68 78 12,47 
37 47-92 58 31,799 79 11,45 
38 47,28 59 30,90 80 10,42 
39 46,62 60 30,00 81 9,38 
49 45995 61 29,09 82 8,35 
41 45,28 62 28,17 $3. 733 
42 44359 63 27,24 84 6,28 
43 43,88 64 26,30 38, 5,23 
44 43,16 65 25,36 86 4,18 
45 42,43 66 24,41 8 3.14 
46 41,68 67 23,45 88 2,09 
47 40,92 68 22,48 105 
48 40, 15 69 21,50 90 o, oo 
49 39.36 70 20,52 
50 38,57 71 19,54 


Another circumſtance which ariſes from 
this difference of meridians in time, muſt 
detain us a little before we quit this ſubject. 
For from this difference it follows, that if a 
ſhip fails round the world, always directing her 
courſe eaſtward, ſne will at her return home 
find ſhe has gained one whole day of thoſe that 
ſtayed at home; that is, if they reckon it May 
1, the ſhip's company will reckon it May 2; 
if weſtward, a day leſs, or April 30. - 

This 


OF THE GLOBES. 237 


This circumſtance has been taken notice 
of by navigators. « It was during our ſtay at 
Mindanao (fays Capt. Dampier) that we were 
firſt made ſenſible of the change of time in 
the courſe of our voyage: for having travelled 
ſo far weſtward, keeping the ſame courſe with 
the ſun, we conſequently have gained ſome- 
thing inſenſibly in the length of the particular 
days, but have loſt in the tale the bulk yes 
number of the days or hours. 

* According to the different longitudes of 
England and Mindanao, this iſle being about 
210 degrees weſt from the Lizard, the diffe- 
rence of time at our arrival at Mindanao ought 
to have been about fourteen hours; and ſo 
much we ſhould have anticipated our reckon- 
ing, having gained it by bearing the ſun com- 
Pany. 

« Now the natural a i in every place muſt 
be conſonant to itſelf; but going about with, 
or againſt the ſun's courſe, will of neceſſity. 
make a difference in the calculation of the civil 
day, between any two places. Accordingly, at 
Mindanao, and other places in the Eaſt Indies, 
we found both natives and -Europeans reckon- 
ing a day before us. For the Europeans coming 
eaſtward, by. the Cape of Good Hope, in a 
courſe contrary to the ſun and us, wherever we 
met, were a full day before us in a ac- 
counts. þ 


« 80 


238 DESCRIPTION AND. USE | 


te So among the Indian Mahometans, their 
Friday was Thurſday with us; though it was 
_ alſo with thoſe that came caltward from 
52118 « Yet at the Ladrone iſlands we found the 
Spaniards of Guam keeping the ſame computa- 
tion with ourſelves; the reaſon of which I take 
to be, that they ſettled that colony by a courſe 
weſtward from Spain; the Spaniards going 
firſt to America, and thence to the Ade 
iſlands. | | 
It is clear, from what has been ſaid in the 
firſt part of this article, concerning both lati- 
tude and longitude, that if a perſon travel ever 
Jo far directly towards eaſt or weſt, his latitude 
would be always the ſame, though his longitude 
would be continually changing. 

But if he went directly north or ſouth, his | 
longitude would continue the ſame, but his 
latitude would be perpetually varying. 

If he went obliquely, he would change 
both his latitude and longitude. | 
I The longitude and latitude, of places give 
only their relative diſtances on the, globe; to 
diſcover, therefore, their real diſtance, we have 
recourſe to the following problem. 
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PROBLEM xX. 


Any place Being given, to find the diſtance of that 
place * another, in a great circle of the 
Carte: -. - 


1 mall divide this ebnen into rang 
caſes, 

 Cajſe't. If the places lie under the ſame 
meridian. Bring them up to the meridian, and 
mark the number of degrees intercepted be- 
tween them. Multiply the number of degrees 
thus found by 60, and they will give the num- 
ber of geographical miles between the two 
places. But if we would have the number of 
Engliſh miles, the degrees before found muſt 
be multiplied by 69. 

Caſe 2. If the places lie under W 
tor. Find their difference of longitude in de- 
grees, and multiply, as in the preceding caſe, 
by 60, or 69 1. 

Caſe 3. If the places lie neither undder the 
ſame meridian, nor under the equator. Then 
lay the quadrant of altitude over the two places, 
and mark the number of degrees intercepted 
between them. Theſe degrees multiplied as 
e will give the N diſ- 
tance. 0 


PRO- 
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PROBLEM XI. 
270 find the- angle of poſition of places. 
The angle of poſition is that formed be- 


| tween the meridian of one of the places, and a 
great circle paſſing through the other place. 
Rectify the globe to the latitude and zenith 
of one of the places, bring that place to the 
ſtrong braſs meridian, ſet the graduated edge 
of the quadrant to the other place, and the 
number of degrees contained between it and 
the ſtrong braſs meridian, is the meaſure of the 


angle ſought. Thus, 


The angle of poſition between the meridian 
of Cape Clear, in Ireland, and St. Auguſtine, 
in Florida, is about 82 degrees north weſterly; 
but the angle of poſition between St. Auguſtine 
and Cape Clear, is only about 46 degrees north 
eaſterly, | | | 

Hence it is plain, that the line of poſition, 
or azimuth, is not the ſame from either place 
to the other, as the romb-lines arc. 


| PROBLEM XII. 
To find the bearing of one place from another. 


The bearing of one ſea · port from another 
is determined by a kind of ſpiral, called a 


romb- line, paſſing from one to the other, ſo as 
. 10 


* 
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to make equal angles with all the meridians it 


ales by; therefore, if both places are ſituated 
on the ſame parallel of latitude, their bearing 
is either caſt or weſt from each other; if they 
are upon the ſame. meridian, they bear north 
and ſouth from one another ; if they lie upon a 
romb-line, their bearing is the ſame with it ; 
if they do not, obſerve to which romb-line the 
two places are neareſt parallel, and that will 
ſhew the bearing ſought. 
Example. Thus the bearing of the Lizard 
point from the iſland of Bermudas is nearly 


E. N. E. - and that of Bermudas from the 


Lizard is W. S. W. both nearly upon the ſame 


romb- line, but in contrary directions. 


Or THE TwWIIITIGEBIr. 


; 1 
That light which we have from the ſun be- 
fore it riſes, and after it ſets, is called the 2. 


light, % ö 


The morning twilight, or day- break, com- 
mences when the ſun comes within eighteen 
degrees of the horizon, and continues till ſun- 
riſing. The evening twilight begins at ſun- 
ſetting, and continues till it is eighteen degrees 
below the horizon. : 

To illuſtrate the cauſes of the various length 
of twilight in different places, a wire circle is 
fixed eighteen degrees below the ſurface of the 


R 138 broad 
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broad paper circle; ſo that all thoſe places 


which are above the wire circle will have twi- 
light, but it will be dark to all thoſe Foes 
below it. 

I have already obſerved, that it is owing 
to the atmoſphere that we are favoured with 
the light of the ſun before he is above, and 
after he is below, our horizon. Hence, though 
after ſun-ſetting we receive no direct light 


from the ſun, yet we enjoy it's reflected light 


for ſome time ; ſo that the darkneſs of the night 
does, not come on ſuddenly, but by degrees. 
In a right poſition of the ſphere the twi- 
lights are quickly over, becauſe the ſun riſes 
and ſets nearly in a perpendicular ; but in an 


_ oblique ſphere they laſt longer, the ſun riſing 


and ſetting obliquely. The greater the lati- 
tude of the place, the longer is the duration of 
the twilight; ſo that all thoſe who are in 49 
degrees of latitude have in the ſummer, near 
the ſolſtice, their atmoſphere enlightened the 
whole night, the W laſting till ſun- 
riſing. 

In a parallel ſphere, the twilight laſts for 
ſeveral months; ſo that the inhabitants of this 


poſition have ciher direct or reflex light of the 


ſun nearly all the year, as will FN appear 
by 9 8 globe. 
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Or TE DiurRnal MoTIon or THE EARTH, 


AND THE PROBLEMS DEPENDING ON THAT 


MoTI1o0N. 


As the daily motion of the earth about it's 
axis, and the phenomena dependent on it, are 
ſome of the moſt eſſential points which a be- 
ginner ought to have in view, we ſhall now en- 
deavour to explain them by the globes; and 
here I think the advantage of globes mounted in 
my father's manner, over thoſe generally uſed, 
will be very evident. 


I have already obſerved, that in globes 


mounted in our manner, the motion of the ter- 
reſtrial globe about it's axis repreſents the diur- 


nal motion of the earth, and that the horary 


index will point out upon the equator the 24 
hours of one diurnal rotation, or any part of 
that time, 


I ſhall now conſider the broad paper circle 


as the plane which diſtinguiſhes light from dark- 
neſs; that is, the enlightened half of the 
earth's ſurface, from that which is not enlight- 
ened. | 


For when the ſun ſhines upon a globe, he 


ſhines only upon one half of it; that is, one 
half of the globe's ſurface is N by 
him, the other not. 

That the enlightened half may be chile balf 
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which is above the broad paper circle, we muſt 
imagine the ſun to be in our zenith. 

Or let a ſun be painted on the cieling over 
the terreſtrial globe, the diameter of the pic- 
ture equal to the diameter of the globe. 

Then all thoſe places that are above the 
broad paper circle will be in the ſun's light; 
that is, it will be day in all thoſe places. 

And all places that are below this circle, 


will be out of the ſun's light; that is, in all 


thoſe places it will be xigbr. 

When any place on the earth's ſurface 
comes to the edge of the broad paper circle, 
Paſſing our of the ſhade into the light, the ſun 
will appear riſing at that place. 

And when a place is at the edge of the 
broad paper circle, going out of the light into 
the ſhade, the ſup will appear at that place to 
be ſetiing. 

When we view the globe in this poſition, 
we at once ſee the ſituation of all places in the 
illuminated hemiſphere, whoſe inhabitants en- 
joy the light of the day. One edge of the 
broad paper circle ſhews at what place the ſun 


appears riſing at the ſame time; and the oppo- 


ſite edge ſhews at what places the ſun is et- 
ting at the ſame time. 

The horary index ſhews how TIES a "uM 
is moving from one edge to the other; that is, 


bow long the day or night is at that place; 
|  - and, 


7 
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«ad cafituibrity, when the globe is thus 
ſituated, you readily diſcover the time of the 
ſun's riſing and ſetting on any given. day, in 
any given place. 


To RECTIFY THE TERRESTRIAL GLOBE. 


To rectify the terreſtrial globe, is to place 
it in the ſame poſition in which our earth 
ſtands to the ſun, at all or at any given times, 

That half of the carth's ſurface which is 
enlightened by the ſun is not always the ſame; 
it differs according as the ſun's declination 
differs. : 

To rectify, then, the terreſtrial globe, is to 
bring it into ſuch a poſition, as that the en- 
lightened half of the earth's ſurface may be all 
above the broad paper circle. . 

On the back ſide of the ſtrong braſs meri- 
dian, and on each fide of the north pole, the 
months and days of the month are graduated 
in two concentric ſpaces, mm to the de- 
clination of the ſun. | 

Bring the day of the month that is gra- 
duated on the back fide of the ſtrong braſs 
meridian, to coincide' with the broad paper 
circle, and the globe is rectified. 

Thus ſet the firſt of May to coincide wit 
the broad paper circle, and that half of th 
earth's ſurface ne is enlightened at any 
M$: time 


o 
by — — —— — 
3 —— — — 
— — — — — 
7 


—N— — — OI 
2 2 


246 DESCRIPTION AND USE 


time upon that day, will be all at once above 


the ſaid circle. | 
- If the horary index be ſet to XII, when any 
particular place is brought under the ſtrong 
braſs meridian, it will ſhew the preciſe time of 
ſun-riſing and ſun-ſetting at that place, accard- 
ing as that place is brought to the eaſtern or 
weſtern edge of the broad paper circle, 

It will alſo ſhew how long any place is in 


moving from the eaſt to the weſt ſide of the 


illuminated diſk, and thence the length of the 
day and night. 

It will alſo point out the length of the 
twilight, by ſhewing the time in which the 
place is paſſing from the twilight circle to the 
edge of the broad paper circle on the weſtern 


_ tide; or from the edge of this circle on the 


eaſtern ſide, to the twilight wire, and thus 
determine the length of the whole istein 
day. 

N. B. The twilight wire is placed at 18 
degrees from the broad paper circle. 

I ſhall now proceed to exemplify upon the 
globes theſe particulars, at three different ſea- 
ſons of the year, viz. the ſummer ſolſtice, the 
winter ſolſtice, and the time or times of the 
equinoxes. 


PRO- 
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PROBLEM XIII. 


+ ; 
T0 place the globe in the ſame ſituation, with 
reſpect to the ſun, as our earth is in at the 
time of the SUMMER SOLSTICE. 


Rectify the globe to the extremity of the 
diviſions for the month of June, or 234 de- 
grees north declination ; that is, bring theſe di. 
viſions on the ſtrong braſs meridian to coincide 
with the plane of the broad paper circle. 

Then that part of the carth's ſurface, which 
is within the northern polar circle, will be 
above the broad paper circle, and will be in 
the light, and the inhabitants thereof will have 
no night. | 

But all that ſpace which is contained within 
the ſouthern polar circle, will continue in the 

| ſhade; that is, it will there be continual _ 
night. ; | 1 

In this poſition of the globe, the pupil will 
obſerve how much the diurnal arches of the 
parallels of latitude decreaſe, as they are more 
and more diſtant from the elevated pole. 

If any place be brought under the ſtro 
braſs meridian, and the horary index is fet 
that XII which is moſt elevated, and the place 
be afterwards brought to the weſtern fide of 
the broad paper circle, the hour index will 
ſhew. the time of ſun-riſing; and when the 
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place is moved to the eaſtern edge, the index 
points to the time of ſun-ſetting. 

The length of the day is obrained by the 
time ſhewn by the horary index, while the 
globe moves from the weſt to the eaſt fide of 


the broad paper circle. 
Thus it will be found, that at London the 


ſun riſes about 15 minutes before IV in the 
morning, and ſets about 1 $? minutes Re I I 


at night. 
At the following nd it will be nearly at 
the times expreſſed in the table. 


O > O Length | Twi- 
; Riſing. | Setting, of day, | light, 

h, . h. N. 5. N. 5. N. 

Cap e Horn — — 8 44 | 3 16 6 32]2 35 
Cape of Good Hope 7 9451 [942143 
Rio de Janeiro, in Brazil 6 42 5 1910 381 23 
Iſland of St. Thomas, near 9 25 
the equator. r 6 6 12 1 20 
Cape Lucas, California 5 12 6 48 13 36 I 35 


We alſo ſee, that at the ſame time the ſun 
is riſing at London, it is riſing at the iſles of 


Sicily and Madagaſcar. 


And, that at the ſame time when the fin. 


ſets at London, it is ſetting at the iſland of # 
| Madeira, and at Cape Horn. 


And when the ſun is ſettingat the iſland of 
Borneo, in the Eaſt Indies, it is riſing at Flo- 


rida, in America, And many other ſimilar 
| 5 circum- 
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circumſtances relative to other places, are ſeen 


as it were by inſpection, 


PROBLEM xlv. 


. To explain the ſituation of the earth, with re- 
ſpedt to the ſun, at the time of the WINTER 
SOLSTICE. | | 


Rectify the globe to the extremity of the 
diviſions for the month of December, or to 234 
degrees ſouth declination. 


When it will be apparent that the whole 


ſpace within the ſouthern polar circle is in the 
ſun's light, and enjoys continual day; whilſt 
that of the northern polar circle is in the ſhade, 
and has continual night. 

If the globe be turned round, as before, 
the horary index will ſhew, that at the ſeveral 
places before- mentioned their days will be 
reſpectively equal to what their nights were at 
the time of the ſummer ſolſtice. 


It will appear farther, that it is now ſun- 
ſetting at the ſame time in thoſe places in 


which'it was ſun-riſing at the ſame time at the 
ſummer ſolſtice; and, on the contrary, ſun- 
riſing at the time it then appeared to ſer. 


Pro- 
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PROBLEM XV. 


To place the globe in the ſituation of the earth, 
at the times of the EQUINOX, 


The fub has no 8 at the times of 
the equinox, conſequently there muſt be no ele- 
vation of the pole. 

Bring the day of the month when the ſun 
enters the firſt point of Aries, or day of the 
month when the ſun enters the firſt point of 
Libra, to the plane of the broad paper circle ; 
then the two poles of the globe will be in that 
plane alſo; and the globe will be in the ow 
tion which is called a right ſphere. 

For it is a right ſphere when the two poles 
are in the plane of the broad paper circle, 
becauſe then all thoſe circles which are parallel 
to the equator will be at right angles to that 
plane. 

If the globe be now turned from weſt to 
eaſt, it will plainly appear, that all places upon 
it's ſurface are twelve hours above the broad 
paper circle, and twelve hours below it; that 
is, the days are twelve hours long all over the 
earth, and the nights are equal to the days, 
whence theſe times are called the times of 
equinox. 

Two of theſe occur in every year; the firſt 


. is 
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is the autumnal, the ſecond the vernal equi- 
nox. | 

At theſe ſeaſons the ſun appears to riſe at 
the ſame time to all places that are on the ſame 
meridian. The ſun ſets alſo at the ſame time 
in all thoſe places. 

Thus if London and Mundford, on the gold 
coaſt, be brought to the ſtrong braſs meridian, 
the graduated fide of which 1s in this caſe the 
horary index, and they be afterwards carried 
to the weſtern edge of the broad paper circle, 
the index will ſhew that the ſun riſes at VI at 
both places; when they are carried to the 
eaſtern edge, the index points to VI for the 
time of ſun-ſetting. 

N. B. If London be not the given place, 
the hour index is to be ſet to the moſt elevated 
XII, while the place is under the graduated 
edge of the ſtrong braſs meridian. 

The following circumſtances, which uſually 
attend the four cardinal diviſions of the year, 
cannot be better introduced than at this place. 
At- the time of the equinoxes, when the ſun 
paſſes from one hemiſphere into the other, 
there 1s almoſt conſtantly fome diſturbance in 
the weather; the winds 'are then generally 

higher: at the vernal equinox they are for the 

moſt part eaſterly, cold, dry, and ſearching, »_ 

The ſolſtitial point of the ſummer is often dif- 
tinguiſhed 
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tinguiſhed by violent rains, and what we call 
a midſummer flood. The winter being leſs 
rainy than the ſummer, nothing particular hap- 
| pens at the winter ſolſtice, but that the froſts 
commonly ſet in more ſeverely, with ſome 
quantity of ſnow upon the ground. 

Or Tue ARTIFICIAL OR TERRESTRIAL 

Hor1zoN, | 


The braſs circle, which may be ſlipped 
from pole to pole on the moveable meridian, 
has been already deſcribed. The circum- 
ference of it is divided into eight parts, to 
which are affixed the initial letters of the 1 ma- 
riner's compaſs. 

When the center of it is ſet to any parti- 
cular place, the ſituation of any other place is 
ſeen, with reſpect to that place; that is, whe- 
ther they be eaſt, weſt, north, or ſouth of it. 

It will therefore repreſent the horizon of 
| that place. 

We ſhall here uſe this artificial horizon, to 
ſhew why the ſun, although he be always in 
one and the ſame place, appears to the inha- 
bitants of the earth at different altitudes, and 
in different azimuths. 
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PROBLEM XVI, 


To exempli ify the ſun's altitude, as en with 


an artificial horizon. 


The altitude of the ſun is greater or leſs, 
according as the line which goes from us to 
the ſun is nearer toʒ or farther off from our ho- 
rizon. | 

Let the moveable circle be applied to any 
place, as London, then will the horizon of 
London be thereby repreſented. 

The ſun is ſuppoſed, as before, to be in the 
zenith, that is, directly over the terreſtrial 
globe. 

If then from London a line go vertically 
upwards, the ſun will be ſeen at London in 
that line. : 

At ſun-riſing, when London is brought to 
the weſt edge of the broad paper circle, the 
ſuppoſed line will be parallel to the artificial 
horizon, and the ſun will then be ſeen in the 
horizon. 

As the globe is gradually turned from the 
weſt towards the eaſt, the horizon will recede 
from that line which goes from London verti- 
cally upwards; ſo that the line in which the 
ſun is ſeen gets further and further from the 
horizon; that is, the ſun” s altitude increaſes 


nal | | 
: | When 
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When the horizon, and the line which goes 
from London vertically upwards, are arrived 
at the ſtrong braſs meridian, the ſun is then at 
his greateſt or meridian altitude for that day, 
and the line and horizon are at the largeſt angle 
they can make with each other. 

After this, the motion of the globe being 
continued, the angle between the artificial ho- 
rizon, and the line which goes from London 
vertically upwards, continually decreaſes, until 
London arrives at the eaſtern edge of the broad 
paper circle; it's horizon then becomes verti- 
cal again, and parallel to the line which goes 
vertically upwards. The ſun will again appear 
in the horizon, and will ſet. 


PROBLEM XVII. 


07 the ſun's 3 altitude, at the three dif- 
ferent ſeaſons. 


Rectify the globe to the time of the winter 
ſolſtice, by problem xiv, and place the center 
of the viſible horizon on London. 


When London is at the graduated edge of 


the ſtrong braſs meridian, the line which goes 


vertically upwards makes an angle of about 
15 degrees; this is the ſun's meridian altitude 

at that ſeaſon, to the inhabitants of London. 
If the globe be rectified to the times of 
equinox, by problem xv, the horizon will be 
farther 
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farther ſeparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, it being about 384 degrees; this 1s 
the ſun's meridian 3 888 at the time of equi- 
nox at London. 

Again, rectify to the ſummer ſolſtice by 
problem xiii, and you will find the artificial ho- 
rizon recede farther from the line which goes 
from London vertically upwards, and the an- 
gle it then makes is about 62 degrees, which 
ſhews the ſun's meridian altitude at the time 
of the ſummer ſolſtice. | 

Hence flows alſo the following arithmetical 
problem. 5 


PROBLEM XVIII. 


To find the ſun's meridian altitude univerſally. 


Add the ſun's declination to the elevation 
of the equator, if the latitude of the place, and 
the declination of the ſun, are both on the ſame 
ſide. 

If on contrary ſides, ſubtract the declina- 
tion from the elevation of the equator, and you 
obtain the ſun's meridian alt 
Thus the elevation of the equator at 


London is 38 28 
The ſun's declination on the 20th f 
May 5 VV 


Their ſum, the ſun's meridian altitude 
that day = — 58 36 
Again, 


4 a n 1 a 
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Again, to the elevation of the equator 8 
at London 3 38 28 


Add the ſun's greateſt declination at | 
the time of the ſummer ſolſtice 23 29 


The ſum is the ſun's greateſt meridian 
altitude at London - 7 


PROBLEM XIX. 
Of the ſun's azimuths, as compared with the. 
| _ artificial horizon. 
The artificial horizon ſerves alſo to deter- 
mine the ſun's azimuths. : 

An azimuth of the ſun is denominated from 
that point of the horizon, to which the ſun, or 
a line going to the ſun, 1s neareſt. | 

Thus if the ſun, or a line going to the ſun, 
be neareſt the ſouth- eaſt point of the horizon, 
which point is 45 degrees diſtant from the me- 
ridian, the ſun's azimuth is an azimuth of 45 
degrees, and the ſun will appear in the ſouth- 
eaſt. | 

Imagine the ſun, as we have done before, 
to be placed directly over the globe. 

In which caſe, a line going to the ſun from 
any place on the ſurface of the globe, will have 
a vertical direction, and will 90 from that place 
vertically upwards. 

| ; 2 If 
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If then we apply the artificial horizon to 
any place, the point of this horizon to which a 
vertical line is neareſt, ſhews the ſun's azimuth 
at that time. | 

It is obſervable, that the point of the ho- 
rizon to which ſuch a vertical line is neareſt, 
will be at all times that point which is moſt 
elevated. 

To exemplify this, let the RAS be in the 
poſition of a right ſphere, and let the artificial 
horizon be applied to London. 

When London is at the weſtern edge of the 
broad paper circle, which ſituation repreſents 
the time when the ſun appears to riſe, the eaſt- 
ern point of the artificial horizon being then 
moſt elevated, ſhews that the ſun at his riſing 
is due caſt. 1 

Turn the globe, till London comes to the 
eaſtern edge of the broad paper circle, then the 
weſtern point of the artificial horizon will be 
moſt elevated, ſnewing that the ſun ſets due 
weſt. wats BS « | | 
Nou place the globe in the poſition of an 
oblique ſphere ; and if London be brought to 
the caſtern or weſtern ſide of the broad paper 
circle, the vertical line will depart mare or 
leſs from the eaſt and weſt points, in which 
caſe the ſun is ſaid to have more or leſs ampli- 
[ude. 

If the ee be northward, it is called 
S | northern 
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northern. amplitude; if ſouthward, it is called 
ſouthern amplitude. | 

In whatever poſition the 3 be W * 
when London comes to the ſtrong braſs meri- 
dian, the moſt elevated part of the artificial 
horizon will be the ſouth. point of it. 

Which ſhews that at noon the ſun will al- 
ways, and in all ſeaſons, appear in the ſouth. 


Or THE ancient Divisions of THe EARTH 
| INTO ZONES AND CLIMATES. 


Climates was a term uſed by the ancient 
aſtronomers to expreſs a diviſion of the earth, 
which, before the marking down the latitudes \ 
of countries into degrees and minutes was in 
uſe, ferved them for dividing the earth into 
certain portions in the ſame direction, ſo as to 
ſpeak of any particular place with ſome degree 
of certainty, though not with due preciſion. 

It was natural for the earlieſt obſervers to 
remark, for one of the firſt things, the diver- 
ſity that there was in the ſun's riſing and ſet- 
ting: it was by this they regulated what they 
called climates; which are a tract on the fur- 
face of the earth, of various breadths, being 


ö by the different lengths of time be- 
_ tween 


* The globe 1s not ſuppoſed in this caſe, or under this 
view of taings, ever to be elevated above the limits of the 


lea 5 declination. 
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tween the riſing! and. ſetting of the ſun i in the 
longeſt day, in different place. 
From the equator to the latitude, 667 8 
2 ſouth, a climate is conſtituted by the differ- 
ence of half an hour in the length of the longeſt 


day, and this is ſufhcient for underſtanding the 


ancients. Between the polar circle and the 
pole, the length of the longeſt day, in.one pa- 
rallel; exceeds the length of the longeſt in the 
next by a month; but of theſe the ancients 
knew nothing, 


CLiMaTis BETWEEN THE EQUATOR AND Pol Ak 
£5  CtrcaEs. 


* 10 "I 


Breadth. Latitude. Breadth. 


D. M. 1 D. M. | 


8 25 | Jig 184 59 58 

8 oo | J14] 29 61 181 
7 25 | 15] 1941 62 25 | 1 07 
6 30 jib} 20 63 22 © 


6 08 '7 207 64 Em © 44 
4 54144. $6 64 49 | 0' 4g 
4 07 | J 14] 65; „ % 82 
3 32 20] 22 65 47 | © 22 


2 10 23] 234 66 28 |: 
1 52 1 24 24 66 „ 


| Therefore, to diſcover in what climate a 
place is, whoſe latitude docs not exceed 665 
my 5 S 2 degrees, 
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degrees, find the length of the longeſt day in 
that place, and ſubtracting 12 hours from that 
length, the number of half hours in the re- 
malnder will pern ny Minne 


PROBLEM xx. 


= find the limits of the climates. 


' 1 Elevate the north pole to 23* 28, the ſun's 
declination on the longeſt day; and turn the 
globe eaſterly till the interſection of the meri- 


dian with the equator that paſſes through Li- 


bra comes to the horizon, and the hour of VI 
will then be under the meridian, which in this 
problem is the hour index, becauſe the ſun 
ſets this day at places on the .equator as it 


does every day at VI o'clock. Now turn the 


globe eaſterly till the time under the meridian 
is 15 min. paſt VI. and you find that 8* 34' of 


that graduated meridian is cut by the horizon; 


this is the beginning of the ſecond climate; and 
the limits of all the chmates may be deter- 
mined, by bringing ſucceſſively the time equal 


„ * „„ 


to half the length of the longeſt day under the 


meridian, and obſerving the degree of the 


graduated meridian cat by the horizon. 


Z.ONES. 


Zones is another diviſion of the carth's ſur- 


face uſed by the ancients: that part which the 
ſun 
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ſun paſſes over in a year, comprehending 231 
degrees on each ſide the equator, was called by 
the ancients the torrid zone. The two frigid 
zones are contained between the polar circles. 
Between the torrid and the two frigid zones 
are contained the two temperate ones, each 
being about 43 degrees broad. arts 
The latitude of a place being the mark of | 
it's poſition with reſpect to the ſun, may be 
confidered as a general index to the tempe- 
rature of the climate: it is, however, liable to 
very great exceptions; but to deny it abſo- 
lutely, would be to deny that the ſun is the 
ſource of light and heat below. | 
Nothing can be more hideous or mournful 
than the pictures which travellers preſent us of 
the polar regions. The ſeas, ſurrounding in- A 
hoſpitable coaſts, are covered with iflands of | 
ice, that have been increaſing for many cen- 
turies : ſome of theſe iſlands are immerſed fix | 
hundred feet under the ſurface of the ſea, and 9 
yet often rear up alſo their icy heads more than ns 
one hundred feet above it's level, and are three *' 5 
or four miles in circumference. The follow | 
ing account will give ſome idea of the ſcenery. | th 
produced by arctic weather. At Smearing- = 
borough- Harbour, within fiſteen degrees of the. | b 
pole, the country is full of mountains, pre- 
cipices, and rocks; theſe are covered with ice 
and ſnow. In the vallies are hills of ice, | 
| S 3 which- _ . 
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which ſeem daily to accumulate. | Theſe hills 
aſſume many ſtrange and fantaſtic appear- 
ances; ſome looking like churches or caſtles, 
ruins, ſhips in full fail, whales, monſters, and 
all the various forms that fill the univerſe. 
There are ſeven of theſe ice-hills, which are 
the higheſt in the country. When the air is 
clear, and the light ſhines full upon them, the 
proſpect is inconceivably brilliant; the ſun is 
reffected from them as from glaſs; ſometimes 
they appear of a bright hue, like ſapphire; 
ſometimes variegated with all the glories of the 
priſmatic colours, exceeding, tn the magnitude 
of luſtre, and beauty of colour, the richeſt gems 
in the world, difpoſed in ſhapes wonderful to 
behold, dazzling the eye with the brilliancy of 
it's ſplendor. - At Spitſbergen, within ten de- 
grees of the pole; the earth is locked up in ice 
till che middle of May; in the beginning of 
July the plants are in flower, and perfect their 
ſeeds in a month's time: for though the ſun is 
much more oblique in the higher latitudes than 
with us, his long continuance above the hori- 
20n is attended with an accumulation of heat 
exceeding that of many places under the torrid 
zone; and there is reaſon to ſuppoſe, that the 
rays of the ſun, at any given altitude, produce 
greater degrees of heat in the condenſed air of 
the polar regions, chan in the thinner air of 


this climate. | 
Yet, 
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Yet, if we look for heat, and the remark- 
able effects of it, we muſt go to the countries 
near the equator, where we ſhall find a ſcenery 
totally different from that of the frigid zone. 
Here all things are upon a larger ſcale than in 
the temperate climates; their days are burning 
hot; in ſome parts their nights are piercing 
cold; their rains laſting and impetuous, like 
torrents; their dews exceſſive; their thunder 


and lightning more frequent, terrible, and 


dangerous ; the heat burns up the lighter ſoil, 
and forms it into a ſandy defert, while it 
quickens all the moiſter tracts with en 
vegetation. 

The ancients ſuppoſed that the frigid zone 
was uninhabitable from cold, and the torrid 
from the intolerable heat of the ſun; we ::ow, 
however, know that both are inhabited. The 


ſentiments of the ancients, therefore, in this 


reſpect, are a proof how inadequate the facul- 
ties of the human mind are to diſcuſſions of 
this nature, when unaſſiſted by facts. 


Or THe AncrenT DIsTINCTION or PLAcxs, 
BY THE DiversSITY OF SHADOWS OF up- 
RIGHT BODIES AT NooN, 


When the ſun at noon is in the zenith of 
any place, the inhabitants of that Place were 
þy the ancients called a/czji, that is, without 
S 4 | ſhadow ; 
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ſhadow ;. for the ſhadow of a man ſtanding 
upright, when the ſun is directly over his 
head, is not extended beyond that part of the 
earth which is directly under his _ and 
therefore will not be viſible. . | 

As the ſhadow of every opake body is ex- 
tended from the ſun, it follows, that when the 
ſun at noon is ſouthward from the zenith of 
any place, the ſhadow of an inhabitant of that 
place, and indeed of any other opake body, 1s 
extended towards the north. - 
But when the ſun is northward from the 
zenith of any place, the ſhadow falls towards 
the ſouth. 

Thoſe are called 1 that have both 
kinds of meridian ſhadows. 

Thoſe, whoſe meridian ſhadows are 8 
projected one way, are termed heteroſcii. 

6 PROBLEM xxI. 
Jo illuſtrate the diſtinction of aſcii, ampbiſcii, 
heteroſcii, and periſcii, by the globe. 


Rectify the globe to the ſummer ſolſtice, 


and move the artificial horizon to the equator, 
the north point will be the moſt elevated at 


noon. 

1 Which, cen n tn thoſe inhabitants 
who live at the equator, the ſun will at this 
nn appear bo the north at noon, and their 


ſhadow 
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ſhadow will therefore be projected ſouth- 
wards. 

But if you rectify the globe to the winter 
ſolſtice, the ſouth point being then the uppers 
moſt point at noon, the ſame perſons will at 
noon have the ſun on the ſouth {ſide of them, 
and will project their ſhadows northwards. 

Thus they are amphiſcii, projecting their 
ſhade both ways; which is the caſe of all the 
inhabitants within the tropics. 

The artificial horizon remaining as before, 
rectify the globe to the times of the equinox, 
and you will find that when this horizon is 
under the ſtrong braſs meridian, a line going 
vertically upwards will be perpendicular to it, 
and conſequently the ſun will be directly over 
the heads of the inhabitants, and they will be 
aſcii, having no noon ſhade; their ſhadow is in 
the morning projected directly weſtward, in the 
evening directly eaſtward. 

The fame thing will alſo. happen to all the 
inhabitants who live, between the tropics of 
Cancer and Capricorn; ſo that fhey are not 
only aſcii, but amphiſcii alſo. 

Thoſe who live without the tropics are 
heteroſcii; thoſe in north latitude have the noon 
ſhade always directed to the north, while thoſe 
in ſouth latitude have it always n to 
the ſouth. f 

The inhabitants of the _ circles are 

called 
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called periſcii ; becauſe, as the ſun goes round 
them continually, their ſhade goes round them 
likewiſe. | 28 


Or ANxcHENT DrsSTINCTIONS FROM SITUATION. 


Theſe terms being often mentioned by an- 
cient geographical writers to expreſs the dif- 
ferent ſituation of parts of the globe, by the 
relation which the ſeveral inhabitants bore to 
one another, it will be neceſſary to take ſome 
notice of them. 

The antæci are two nations which are in or 
near the ſame meridian; the one in north, the 
other in ſouth latitude. 

| They have therefore the fame longitude, 
but not the ſame latitude ; oppoſite ſeaſons of 
the year, but the ſame hour of the day; the 
davs of the one are equal to the nights of the 
other, and, vice ver/a, when the days of the one 
are at the longeſt, they are ſhorteſt at the other, 

When they look towards each other, the 
ſon ſeems to rife on the right hand of the one, 
but on the left of the other. They have dif- 
ſerent poles elevated; and the ſtars that never 
ſet to the one, are never ſeen by the other. 

Periæci are allo two oppoſite nations, ſitua- 
ted on the ſame parallel of latitude. 

They have therefore the ſame latitude, but 
Kiffer 180 degrees in longitude; the ſame ſca- 

ſons 
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ſons of the year, but oppoſite hours of the day; 
for when it is twelve at night to the one, it is 
twelve at noon with the other. On the equi 
noctial days, the ſun is riſing to ane, when it is 
ſetting to the other. 

Antipodes are two nations diametrically op- 
poſite, which have oppoſite ſeaſons and lati- 
tude, oppoſite hours and longitude. | 

The fun and ſtars riſe to the one, when they 
ſet to the other, and that during the whole year, 
for they have the ſame horizon, 

The day of the one is the night of che 
other; and when the day is longeſt with the 
one, the other has it's ſhorteſt day. 

They have contrary ſeaſons at the ſame 
time; different poles, but equally elevated; 
and' thoſe ſtars that are always above the hori- 
zon of one, are always under the horizon of the 
other. 5 FELL 


PROBLEM xxII. 


To find the Antæci, the Periæci, and the Anti- 
podes of any place. 


Bring the given place to the ſtrong: braſs 
meridian, thea in the oppoſite hemiſphere, 
and under the ſame degree of latitude with 
the given place, you will find the antœci. 

The given place remaining under the me- 
a ſet the horary index to XII; then turn 


the 
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the globe, till the other XII is under the index, 
then will you find the pericect under the ſame 
degree of latitude with the given place. 

Thus the inhabitants of the ſouth part of 
Chili are antœci to the people of New Eng- 
land, whoſe periœci are thoſe Tartars who 
dwell on the north borders of China, which 
Tartars have the ſaid inhabitants of Chili for 
their antipodes. 

This will become evident, by placing the 
globe in the poſition of a right ſphere, and 
bringing thoſe nations to the edge of the 


broad paper circle. 


PROBLEM XX111. 


The day of the month being given, to find all thoſe 
Places on the globe, over whoſe zenith the 
hun will paſ: 5 on that day. 


Rectify the terreſtrial globe, by tingling 
the given day of the month on the back ſide 
of the ſtrong braſs meridian, to coincide with 
the plane of the broad paper circle; obſerve 
the number of degrees of the braſs meridian, 
which al to the mer day of the 
month. 

This number of den counted from the 
equator on the ſtrong braſs meridian, towards 
the elevated pole, is the point over which the 


ſun is vertical; and all thoſe places, which pals 
| under 
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hier chis point, have the ſun directly topo 
on the given day. 

Example. Bring the 11th of May to coin- 
cide with the plane of the broad paper circle, 
and the ſaid plane will cut eighteen degrees 
for the elevation of the pole, which is equal to 
the ſun's declination for that day, which being 
counted on the ſtrong braſs meridian towards 
the elevated pole, is the point over which the 
ſun will be vertical; and all places that are 
under this degree, will have the fun on their 
zenith on the 11th of May. | 

Hence, when the ſun's declination is equal 
to the latitude of any place in the torrid zone; 
the ſun will be vertical to thoſe inhabitants 
that day ; which furniſhes us with another me- 
thod of ſolving this problem. 


Or PROBLEMS PECULIAR TO THE SUN, 


PROBLEM XXW. 
Te 0 find the fur 5 place on the broad paper circle. 


Conſider whether the year in which you 
ſeek the ſun's place is bifſextile, or whether it 
is the firſt, ſecond, or third year after. 

If it be the firſt year after biſſextile, thoſe 
diviſions to which the numbers for the days of 
the months are affixed, are the diviſions which 

| | are 
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ate to be taken, for the reſpective days of each 
month of that year at noon; oppoſite to which, 
in the circle of twelve e is the ſun's 
Died. 5. } if 

„ be the ſecond year — biſſextile, the 
firſt quarter of a day backwards, or towards 
the left hand, is the day of the month for that 
year, againſt which, as before, is the ſun's 
eg. 
If it be the this year after biſſextile, then 
three quarters of a day backwards is the day of 
the month for that year, oppoſite to which is 
the ſun's place. 

If the year in which you ok the ſun- 8 
5 whos be biſſextile, then three quarters of a day 
backwards is the day of the month from. the 
1ſt of January to the 28th of February in- 
cluſive. The intercalary, or 29th day, is three- 
fourths of a day to the left hand from the 1ſt 
of March, and the it of March itſelf one 
quarter of a day forward, from the diviſion 
marked 1; and fo for every day in the re- 
maining part of the leap-year; and oppoſite to 
theſe diviſions is the ſun's place, 

In this manner the intercalary day i is very 
well introduced every fourth year into the ca- 
lendar, and the ſun's place very nearly ob- 
aides ing to o che J Mie . 


i | 4 * 
1 77 3 2 11. : P 5 a 17 : "} 33 { . 
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Thus, 
A. 0. | Sun's place. Apr. 25. 
i =. .- .-..B.,.. $436 
1789 Firſt year after - 88 
1790 Second — — 8 5 8 
1791 Third 3 8 4 

Upon my father's globes there are twenty- 
three parallels, drawn at the diſtance of one 
degree from each other on both ſides the equa- 
tor, which, with two other parallels at 234 de- 
grees diſtance, include the ecliptic circle. 

The two outermoſt circles are called the 
tropics ; that on the north ſide the equator is 
called the tropic of Cancer, that which is on 
the ſouth fide, the tropic of Capricorn. 

Now as the ecliptic is inclined to the . 
tor, in an angle of 233 degrees, and is included 
between the tropics, every parallel between 
theſe muſt croſs the ecliptic in two points, 
which two points ſhew the ſun's place when 
he is vertical to the inhabitants of that pa- 
rallel; and the days of the month upon the 
broad paper circle anſwering to thoſe points 
of the ecliptic, are the days on which the ſun 
paſſes directly over their heads at noon, and 
which are ſometimes called their two midſum- 
mer days. ; 

It is uſual to call the ſun” s diurnal paths 
parallels to the equator, which are therefore 


aptly; repreſented by the above-mentioned pa- 
rallel 
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rallel circles; though his path is properly a 
ſpiral line, which he is continually deſcribing 
all the year, appearing to move ar about a 
m_ in the r 


PROBLEM xxv. 


To find the ſun's 3 and thence the pa- 
rallel of latitude correſponding thereto, 


Find the ſun's place for the given day in 
the broad paper circle, by the preceding pro- 
blem, and ſeek that place in the ecliptic line 
upon the globe; this will ſhew the parallel of 
the ſun's declination among the above-men- 
tioned dotted lines, which is alſo the corre- 
ſponding parallel of latitude ; therefore all 
thoſe places, through which this parallel paſſes, 
have the ſun in their zenith at noon on the 
given day. 

Thus on the 23d of May the ſun's de- 
clination will be about 20 deg. 10 min.; and 
upon the 23d of Auguſt it will be 11 deg. 13 
min. What has been ſaid in the firſt part of 
this problem, will lead the reader to the ſolu- 
tion of the following. 


PRO - 
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PROBLEM XXvI. 


" To find the two days on which the ſun is in the 
zenith of any given place that is ſituated be- 
tween the two tropics. 


That parallel of declination, which paſſes 


through the given place, will cut the ecliptic 
line upon the globe in two points, which de- 
note the ſun's place, againſt which, on the 
broad paper circle, are the days and months 
required. Thus the ſun is vertical at Bar- 
badoes April 24, and Auguſt 18. | 


PROBLEM xxvII. 


The day and hour at any place in the torrid zone 
being given, to find where the ſun is vertical 
at that time. | 


Rectifſy the globe to the day of the 


month, and you have' the ſun's declina- 
tion; bring the given place to the meridian, 
and ſet the hour index to XII; turn the globe 


till the index points to the given hour on the - 


equator ; then will the place be under the de- 
gree of the declination previouſly found. 

Let the given place be London, and time 
the 11th day of May, at 4 min. paſt V in the 
afternoon; bring the 11th of May to coincide 
with the broad paper circle, and oppoſite to it 
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you will find 18 degrees of north declination; 
as London is the given place you have only to 
turn the globe till 4 min. paſt V weſlward of 
it is on the meridian, when you will find Port- 
Royal, in Jamaica, under the 18th degree of 
the meridian, which is the place where the ſun 
1s vertical at that time. 


PROBLEM XXVIII. 


The time of the day at any one place being given, 
to find all thoſe places where at the ſame 
inflant the ſun is riſing, ſetting, and on the 
meridian, aud where he is vertical; like- 

. wiſe thoſe places where it is midnight, twi- 
light, and dark night ; as well as thoſe places 
in which the twilight is beginning and ending ; 

and alſo to find the ſun's altitude at any hour 
in the illuminated, and his depreſſion in the 
obſcure, hemiſphere. 


Rectify the globe to the day of the month, 
on the back fide of the ſtrong braſs meridian, 


and the ſun's declination for that day; bring 


the given place to the ſtrong braſs meridian, 
and ſet the horary index to XII upon the equa- 
tor; turn the globe from weſt to eaſt, until 
the horary index points to the given time, 

Then | 
All thoſe places, which lie in the plane of 
the weſtern ſide of the broad paper circle, ſce 
the 
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the ſun riſing, and at the ſame time thoſe on 
the eaſtern ſide of it ſee him ſetting. 

It is noon to all the inhabitants of thoſe 
places under the upper half of the graduated 
ſide of the ſtrong braſs meridian, whilſt at the 
ſame time thoſe under the lower half have 
midnight. El 
All thoſe places which are between the 
upper ſurface of the broad paper circle, and 
the wire circle under it, are in the twilight, 
which begins to all thoſe places on the weſtern 
ſide that are immediately under the wirs circle; 
it ends at all thoſe which are in the plane of 
the paper circle. 

The contrary happens on the eaſtern ſide; 
the twilight is juſt beginning to thoſe places 
in which the ſun is ſetting, and it's end is at 

the place juſt under the wire circle. 

| And thoſe places which are under the twi- 
light wire circle have dark night, unleſs the 
moon is favourable to them. 

ä All places in the illuminated hemiſphere 
have the ſun's latitude equal to their diſtance 
from the edge of the enlightened diſk, which 
is known by fixing the quadrant of altitude to 
the zenith, and laying it's graduated 1 over 
any particular place. 

The ſun's depreſſion is e in the 
ſame manner, by fixing the center of che "qua- 
W at the nadir. , 
| T2 : Pub 
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PROBLEM XXIX. 


To find all theſe places within the polar circles 
on which the ſun begins to ſhine, the time he 

ſhines conſtantly, when he begins to diſappear, 
the length of his abſence, as well as the firſl 
and laſt day of his appearance to thoſe inha- 
bitants ; the day of the month, or latitude of 
the Place being given. 


Bring the given day of the macaals on the 
back ſide of the ſtrong braſs meridian' to the 
plane of the broad paper circle; the ſun is juſt 
then beginning to ſhine on all thoſe. places 
which are in the parallel that juſt touches the 
edge of the broad paper circle, and will for 
| ſeveral days ſeem to ſkim all around, and but 
a little above their horizon, juſt as it appears to 
us at it's ſetting ; but with this obſervable dif- 
ference, that whereas our ſetting ſun appears 
in one part of the horizon only, by them it is 
ſeen in every part thereof; from weſt ro ſouth, 
| thence eaſt to north, and ſo to weſt again. 

Or if the latitude be given, elevate the 
globe to that latitude, and on the back of the 
ſtrong braſs meridian, oppoſite to the latitude, 
you obtain the day of the month; then all the 
other requiſites are anſwered as above. 

As the two concentric ſpaces, which con- 
tain the days of the month on the back ſide of 

| #- "6 
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the ſtrong braſs meridian, are graduated to 
ſhew the oppoſite days of the year, at 180 de- 
grees diſtance ; when the given day is brought 
to coincide with the broad paper circle, it ſhews 
when the ſun begins to ſhine on that parallel, 
which is the firſt day of it's appearance above 
the horizon of that parallel. | 

And the plane of the broad paper circle cuts 
the day of the month on the oppoſite con- 
centric ſpace, when the ſun begins to diſap- 
pear to thoſe inhabitants. 

The length of the longeſt day is obtained 
by reckoning the number of days between the 
two oppoſite days found as above, and their 
difference from 365 gives the length of their 
longeſt night. 


PROBLEM xxx. 


To make uſe of the globe as a TELLURIAN, or that 
kind of orrery which is chiefly intended to 
illuſtrate the phenomena that ariſe from the 
annual and diurnal motions of the earth. 


Deſcribe a circle with chalk upon the floor, 
as large as the room will admit of, ſo that the 
globe may be moved round upon it; divide 
this circle into twelve parts, and mark them 
with the characters of the twelve figns, as they 
are engraved upon the broad paper circle; 
PONG at the north, V at the ſouth, I in 

T3 Sg! the 
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the eaſt, and <= in the weſt: the mariner's 
compaſs under the globe will direct the ſitua- 
tion of theſe points, if the variation of the 
magnetic needle be attended to. | 

Note, At London the variation is between 
23 and 24 degrees from the north-weſtward. 

Elevate the north pole of the globe, fo that 
662 degrees on the ſtrong braſs meridian may 
coincide with the ſurface of the broad paper 
circle, and this circle will then repreſent the 
plane of the ecliptic, or a plane coinciding 
with the earth's orbit. 2 

Set a ſmall table, or a ſtool, over the center 
of the chalked circle, to repreſent the ſun, and 
place the terreſtrial globe upon it's circum- 
ference over the point marked , with the 
. north pole facing the imaginary ſun, and the 
north end of the needle pointing to the varia- 
tion; and the globe will be in the poſition of 
the earth with reſpect to the ſun at the time of 
the ſummer ſolſtice, about the 21ſt of June; 
and the earth's axis, by this rectification of the 
globe, is inclined to the plane of the large 
chalked circle, as well as to the plane of the 
broad paper circle, in an angle of 661 de- 
. grees; a line, or ſtring, paſſing from the center 
of the imaginary ſun to that of the globe, will 
repreſent a central ſolar ray connecting the 
centers of the earth and ſun: this ray will fall 
upon the firſt point of Cancer, and deſcribe 

that 
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that circle, ſhewing it to be-the ſun's place 
upon the terreſtrial ecliptic, which is the fame 
as if the ſun's place, by extending the ſtring, 
was referred to the oppolite ſide of the chalked 
circle, here e the earth's path in the 
hcavens. 
If we conceive a plane to paſs through the 
center of the globe and the ſun's center, it 
will alſo paſs through the points of Cancer 
and Capricorn, in the terreſtrial and celeſtial 
_ ecliptic ; the central ſolar ray, in this poſition 
of the earth, is alſo in that plane: this can 
never happen but at the times of the ſolſtice. 
If another plane be conceived to paſs 
through the center of the globe at right an- 
gles to the central ſolar ray, it will divide the 
globe into two hemiſpheres; that next the 
center of the chalked circle will repreſent the 
earth's illuminated diſk, the contrary ſide of 
the ſame plane will at the ſame time ſhew the 
obſcure hemiſphere. 
The reader may realize this ſecond plane by 
cutting away a ſemicircle from a ſheet of card 
paſte=board, with a radius of about 14 tenth of 
an inch greater than that of the globe itſelf.“ 
If this plane be appticd to 664 degrees upon 
the ſtrong braſs meridian, it will be in the 
pole of the ecliptic; and in every ſituation of 
T's the 


Or he may have a plane made of wood for this purpoſe. 
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the globe round the circumference of the 
chalked circle, it will afford a lively and 
laſting idea of the various phenomena ariſing 
from the paralleliſm of the earth's axis, and in 
particular the daily change of the ſun's de- 
clination, and the parallels thereby deſcribed. 
Let the globe be removed from V to =, 
and the needle pointing to the variation as be- 
fore, will preſerve the paralleliſm of the carth's 
axis; then it will be plain that the ſtring, or 
central ſolar ray, will fall upon the firſt point 
of Leo, fix ſigns diſtant from, but oppoſite to 
bhe ſign zz, upon which the globe ſtands; the 
central ſolar ray will now deſcribe the 20th 
parallel of north declination, which will be 
about the 23d of July. 5 
If the globe be moved in this manner from 
point to point round the circumference of the 
chalked circle, and care be taken at every re- 
moval that the north end of the magnetic 
needle, when ſettled, points to the degree of 
variation, the north pole of the globe will be 
obſerved to recede from the line connecting 
the centers of the earth and ſun, until the 
globe is placed upon the point Cancer; after 
which, it will at every removal tend more and 
more towards the ſaid line, till it comes to 
Capricorn again. | 


Pro- ; 
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PROBLEM XXXI. 


To rectiſ either globe to the latitude and horizon 
of any place. 


If the place be in north latitude, raiſe the 
north pole; if in ſouth latitude, raiſe the ſouth 
pole, until the degree of the given latitude, 
reckoned on the ſtrong braſs meridian under 
the elevated pole, cuts the plane of the broad 
paper circle; then this circle will repreſent 
the horizon of that place, while the place re- 
mains in the zenith, but no longer. This rec- 
tification' is therefore unnatural, though it is 
the mode adopted in uſing the globes when 
mounted in the old manner. 


PROBLEM xxxII. 
To rectiſy for the ſun's place. 


After the former rectification, bring the 
degrees of the ſun's place in the eclipric line 
upon the globe to the ſtrong braſs meridian, 
and ſet the horary index to that XIIth hour 
upon the equator which is moſt elevated. 

Or if the ſun's place is to be retained, to 
anſwer various concluſions, bring the gra- 
duated edge of the moveable meridian to the 
degree of the ſun's place in the ecliptic, and 
ſlide the wire which croſſes the center of the 
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artificial horizon thereto; then bring it's cen. 
ter, which is in the interſection of the aforeſaid 
wire, and graduated edge of the moveable me- 
ridian, under the ſtrong braſs meridian-as be- 
fore, and ſet the horary index to that XII on 
the equator which is moſt elevated. 


PROBLEM xxxIII. 


To rettify for the zenith of any place. 


Aſter the firſt rectification, ſcrew the nut 
of the quadrant of altitude ſo many degrees 
from the equator, reckoned on the ſtrong braſs 
meridian towards the elevated pole, as that pole 
is raiſed above the plane of the broad paper 
circle, and that point will repreſent the zenith 
of the place. | 

Note, The zenith aid nadir are the poles of 
the horizon, the former being a point directly 
over our heads, and the latter, one directly un- 
der our feet. 

If, when the globe is in this ſtate, we look 
on the oppoſite ſide, the plane of the horizon 


. __ will cut the ſtrong braſs meridian at the com- 
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plement of the latitude, which is alſo the eleva- 
tion of the equator above the horizon. 


OF THE GLOBES. 283 


Or THE SoL.uTION or PROBLEMS, BY EXPOSING 
THE GLOBES TO THE SUN's Rays. 


In the year 1679, F. Moxon publiſhed a 
treatiſe on what he called © The Engliſh Globe; 
being (ſays he) a ſtabil and immobil one, per- 
forming what the ordinary globes do, and much 
more; invented and deſcribed by the Right 
Hon. the Ear! of Caſtlemaine. This globe 
was deſigned to perform, by being merely ex- 
poſed to the ſun's rays, all thoſe problems 
which in the uſual way are ſolved by the ad- 
ventitious aid of brazen meridians, hour in- 
dexes, &c. 

My father thought that this method might 
be uſeful, to ground more deeply in the young 
pupil's mind, thoſe principles which the globes 

are intended to explain; and by giving him a 
different view of the ſubje&t, improve and 
ſtrengthen his mind; he therefore inſerted on 
his globes ſome lines, for the purpoſe of ſolv- 

ing a few problems in hits Caſtlemaine's 
manner. | 

It appears to me, from a copy of Moxon's 
publication, which 1s in my poſſeſſion, that the 
Farl of Caſtlemaine projected a new edition of 
his works, as the copy contains a great number 

of corrections, many alterations, and ſome ad- 
ditions. It is not very improbable, that at ſome 
future 
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future day I may fe-publiſh this curious work, 


and adapt a ſmall globe for the ſolution of the 
problems. 


The meridians on our new terreſtrial globes 


being ſecondaries to the equator; are alſo hour 


circles, and are marked as fuch with Roman 
figures, under the equator, and at the polar 
circles. Bur there is a difference in the figures 
placed to the ſame hour circle; if it cuts the 
IIId hour upon the polar circles, it will cut the 
IXth hour upon the equator, which is fix hours 
later, and ſo of all the reſt. 

Through the great Pacific ſea, and the in- 


terſection of Libra, is drawn a broad meridian 


from pole to pole; it paſſes through the XIIth 
hour upon the equator, and the VIth hour upon 
each of the polar circles; this hour circle is 
graduated into degrees and parts, and numbered 
from the equator towards either pole. | 

There is another broad meridian paſling 
through the Pacific ſea, at the IXth hour upon 
the equator, and the I1Id hour upon each polar 
circle; this contains only one quadrant, or go 
degrees; the numbers annexed to it begin at 
the northern polar circle, and end at the tro- 
pic of Capricorn. 

Here we muſt likewiſe obſerve, there are 
23 concentric circles drawn upon the terreſtrial 
globe within the northern and ſouthern polar 


circles, which for the future we ſhall call polar 
parallels ; ; 
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parallels ; they are placed at the diſtance of one 
degree from each other, and repreſent the pa- 
rallels of the ſun's declination, but in a differ- 
ent manner from the 47 mr between the 
tropics. 

The following problems require the globe 
to be placed upon a plane that is level, or truly 
horizontal, which is eaſily attained, if the floor, 
pavement, gravel-walk in the garden, &c. 
ſhould not happen to be horizontal. 

A flat ſeaſoned board, or any box which is 
about two feet broad, or two feet ſquare, if the 
top be perfectly flat, will anſwer the purpoſe ; 
the upper ſurface of either may be ſet truly 
horizontal, by the help of a pocket ſpirit level, 
or plumb rule, if you raiſe or depreſs this or 
that fide by a wedge or two, as the ſpirit level 
ſhall direct; if you have a meridian line drawn 
on the place over which you ſubſtitute this ho- 
rizontal plane, it may be readily transferred 
from thence to the ſurface juſt levelled; this 
being done, we are prepared for the ſolution 
of the following problems. 

It will be neceſſary to define a term we are 
obliged to make uſe of in the ſolution of theſe 
problems, namely, the ſhade of extuberancy: by 
this is meant that ſhade which is cauſed by the 
ſphericity of the globe, and anfwers to what 
we have herctofore named the terminator, de- 
fining the boundaries of the illuminated and 
| obſcure 
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obſcure parts of the globe; this circle was, in 
the ſolution of ſome of the foregoing problems, 
repreſented by the broad paper circle, but is 
here realized by the rays of the ſun. 


PROBLEM XXXIV. 


To obſerve the ſun's altitude (by the terreſtrial 
globe) when he ſhines bright, or when he can 
but juft be diſcerned through a cloud. 


Elevate the north pole of the globe to 66 
degrees; bring that meridian, or hour circle, 
which paſſes through the IX ch hour upon the 
equator, under the graduated ſide of the ſtrong 
braſs meridian ; the globe being now ſet upon 
the horizontal plane, turn it about thereon, 
frame and all, that the ſhadow of the ſtrong 
braſs meridian may fall directly under itſelf; 
or in other words, that the ſhade of it's gradua- 
ted face may fall exactly upon the aforeſaid 
hour circle; at that inſtant the ſhade of extu- 
berancy will touch the true degree of the ſun's 
altitude upon that meridian, which paſſes 
through the IXth hour upon the equator, rec- 
koned from the polar circle, the moſt elevated 
part of which will then be in the zenith of the 
place where this operation is performed, and 
is the ſame whether it ſhould happen to be 
either in north or ſouth latitude. 

Thus we may, in an eaſy and natural man- 

ner, 
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ner, obtain the altitude of the ſun, at any time 
of the day, by the terreſtrial globe; for it is very 
plain, when the ſun riſes, he bruſhes the zenith 
and nadir of the globe by his rays; and as he 
always illuminates half of it, (or a few minutes 
more, as his globe is conſiderably larger than 
that of the earth) therefore when the ſun is 
riſen a degree higher, he muſt neceſſarily illu- 
minate a degree beyond the zenith, and ſo on 
proportionably from time to time. 

But as the illuminated part is ſomewhat 
more than half, deduct 13 minutes from the 
ſhade of extuberancy, and you have the ſun's 
altitude with tolerable exactneſs. 

If you have any doubt how far the ſhade of 
extuberancy reaches, hold a pin, or your finger, 
on the globe, between the ſun and point in diſ- 
pute, and where the ſhade of either is loſt, will 


be the 995 ſought. 


When the ſun does not ſhiue bright ee to e 
4 une. 


Turn the meridian of the globe romands the 
ſun, as before, or direct it ſo that it may lie in 
the ſame plane with it, which may be done if 
you have but the leaſt glimpſe of the ſun 
through a cloud ; hold a ſtring in both hands, 
it having firſt been put between the ſtrong 
braſs meridian and the globe; ſtretch X at 
| | right 
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right angles to the n and apply your 


face near to the globe, moving your eye lower 
and lower, till you can but juſt ſee the ſun; then 
bring the ſtring held as before to this point 
upon the globe, that it may juſt obſcure the 
ſun from your ſight, and the degree on the 
aforeſaid hour circle, which the ſtring then lies 
upon, will be the ſun's altitude required, for 
his rays would ſhew the ſame point if he ſhone 


. out bright. 


Nete, The moon's altitude may be obſerved 
by either of theſe methods, and the e of 
any ſtar by the laſt of them. 


PROBLEM xxx. 


To place the terreſtrial globe in the ſun's rays, 
-\that it may repreſent the natural poſition of 
the earth, either by a meridian line, or with- 

out il. 
If you have a meridian line, ſet the north 
and ſouth points of the broad paper circle di- 


rectly over it, the north pole of the globe being 


elevated to the latitude of the place, and ſtand- 
ing upon a level plane, bring the place you are 


in under the graduated fide of the ſtrong braſs 


meridian, then the poles and parallel circles 


upon the globe will, without ſenſible error, 


correſpond with thoſe in the heavens, and each 
5 | 7 _ 
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point, Kingdom, and ſtate, will be turned to- 
wards the real one which it repreſents, 

If you have no meridian line, then the day 
of the month being known, find the ſun's decli- 
nation as before inſtructed, which will direct 
you. to the parallel of the day, amongſt the 
polar parallels, reckoned from either pole to- 
wards the polar circle; which you are to re- 
member. 

Set the globe upon your horizontal plane in 
the ſun-ſhine, and put it nearly north and ſouth 
by the mariner's compaſs, it being firſt elevated 
to the latitude of the place, and the place it- 
ſelf brought under the graduated ſide of the 
ſtrong braſs meridian; then move the frame 
and globe together, till the ſhade of extube- 
rancy, or term of illumination, juſt touches the 
polar parallel for the day, and the globe will be 
ſettled as before; and if accurately performed, 
the variation of the magnetic needle will be 
ſhewn by the degree to which it points in the 
compals box. | 

And here obſerve, if the parallel for the 
day ſhould not happen to fall' on any one of 
thoſe drawn upon the globe, you are to eſti- 
mate a proportionable part between them, and 
reckon that the parallel of the day. If we 
had drawn more, the globe would have been 
confuſed. 


The reaſon of this operation is, that as the 
** 20 
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ſun illuminates half the globe, the ſhade of ex. 
ruberancy will conſtantly be 90 degrees from 
the point wherein the ſun is vertical. 

If the ſun be in the equator, the ſhade and 
illumination muſt terminate in the poles of the 
world; and when he is in any other diurnal 
parallel, the terms of illumination muſt fall 
ſhort of, or go beyond either pole, as many 
degrees as the parallel which the ſun deſcribes 
that day is diſtant from the equator ; therefore, 
when the ſhade of extuberancy touches the po- 
lar parallel for the day, the artificial globe will 
be in the ſame poſition, with reſpect ta the ſun, 
as the earth really is, and will be illuminated 
in the ſame manner. 


PROBLEM XXXVI. 


To find naturally the ſun's declination, diurnal 
parallel, and his place thereon. 

The globe being ſet upon an horizontal 
plane, and adjuſted by a meridian line or other- 
wiſe, obſerve upon which, or between which 
polar parallel the term of illumination falls; 

it's diſtance from the pole is the degree of the 
ſun's declination; reckon this diſtance from 
the, equator among the larger parallels, and 
you have the parallel which the ſun deſcribes 
that day; upon which if you move a card, cut 
in the form of a double ſquare, until it's ſhadow 
falls 
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falls under itſelf, you will obtain the very place 
upon that parallel over which the ſun is verti- 
cal at any hour of that day, if you ſet the place 
you are in under the graduated __ of the 
ſtrong braſs meridian. | 

Note, The moon's declination, diurnal pa. 
rallel, and place, may be found in the ſame 
manner. Likewiſe, when the ſun does not 
ſhine bright, his declination, &c. may be found 
by an ee in the manner of problem 
xxxiv. 


PROBLEM XXXVIT. 


To And the ſun's azimuth naturally. 


If a great circle, at right angles to the he- 
rizon, paſſes through the zenith and nadir, and 
alſo through the ſun's center, it's diſtance from 

tho meridian in the morning or evening of any 

day, reckoned upon the degrees on the inner 
edge of the broad paper 1 8 5 will give the 
azimuth required. | 


Method 1. 


Elevate either pole to the poſition of a pa- 4 

_ rallel ſphere, by bringing the north pole in | 
north latitude, and the ſouth pole in ſouth lati- 
tude, into the zenith of the broad paper circle, 
having firſt placed the globe pen pen meri- 
| U 2 | dian 
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dian line, or by the other method before pre- 
ſcribed; hold up a plumb line, ſo that it may 
paſs freely near the outward edge of the broad 
paper circle, and move it fo that the ſhadow 
of the ſtring may fall upon the elevated pole; 
then caſt your eye immediately to it's ſhadow 
on the broad paper circle, and the degree it 
there falls upon is the ſun's azimuth at that 
time, which may be reckoned from either the 
ſouth or north points of the horizon. 


Method 11. 


If you have only a glimpſe, or faint ſight of 
the ſun, the globe being adjuſted as before, 
ſtand on the ſhady fide, and hold the plumb 
line on that fide alſo, and move it till it cuts 
the ſun's center, and the elevated pole at the 

fame time; then caſt your eye towards the 

broad paper circle, and the degree it. there cuts 
is the ſun's azimuth, which muſt be reckoned 
from the oppoſite eardinal point. | 


PROBLEM XxXXVIII. 


To ſhew that in ſome places of the earth's ſurface, 
the ſun will be twice on the ſame azimuth in 
the morning, 1wice on the fame azimuth in the 

_ afternoon : or in other words, | 


When the declination of the ſun Cds 


the latitude of any place, on either fide of the 
equa- 
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equator, the ſun will be on the ſame azimuth 
twice in the morning, and * in the after- 
noon. 


Thus, ſuppoſe the globe rectified to the 


latitude of Antigua, which is about 17 deg. of 


north latitude, and the ſun to be in the begin- 
ning of Cancer, or to have the greateſt north 


declination ; ſet the quadrant of altitude to 
the 21ſt degree north of the eaſt in the horizon, 
and turn the globe upon it's axis, the ſun's 
center will be on that azimuth at 6 h. 3o min. 
and alſo at 10 h. 30 min. in the morning. At 
8 h. 30 min. the ſun will be as it were ſta- 
tionary, with reſpect to it's azimuth, for ſome 
time; as it will appear by placing the quadfant 
of altitude to the 17th degree north of the eaſt 
in the horizon. If the quadrant be ſet to the 
ſame degrees north of the weſt, the ſun's center 
will croſs it twice as it approaches the horizon 
in the afternoon. 


This appearance will happen more or leſs | 


to all places ſituated in the torrid zone, when- 
ever the ſun's declination exceeds their lati- 
tude; and from hence we may infer, that the 


ſhadow of a dial, whoſe gnomon is erected per-. 


pendicular to aa horizontal plane, muſt neceſ- 


day. | 
But as this can only happen within the tor- 
rid zone, and as Jeruſalem lies about 8 degrees 

U 3 to 


ſarily go back ſeveral degrees on the ſame 
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to the north of the tropic of Cancer, the retro. 
ceſſion of the ſhadow on the dial of Ahaz, at 
Jeruſalem, was, in the ſtricteſt ſignification of 
the word, miraculous. 


PROBLEM XXXIX, 


To obſerve the hour of the day in the moſt natural 
manner, when the terreſirial globe is properly 
placed in the ſun-fhine. 


There are many ways to perform this ope- 
ration with reſpect to the hour, three of which 
are here inſerted, being general to all the inha- 
bitants of the earth; a fourth is added, peculiar 
to thoſe of London, which will anſwer, with 
out ſenſible error, at any place not exceeding 
the diſtance of 60 miles from this capital. 


5 V, By a natural file. 


| Having reQified the globe as before di- 
rected, andgplaced it upon an horizontal plane 
over your Meridian line, or by the other me- 
thod, hold a lang pin upon the illuminated 
pole, in the direction of the polat axis, and it's 
ſhadow will ſhew the hour of the * amongſt 
the polar parallels. | 

The axis of the globe being the common 
ſection of the hour circles, is in the plane of 
cach; and as we ſuppoſe the globe to be pro- 


1 ly adjuſted, they will correſpond with thoſe 
in 
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in the heavens ; therefore the ſhade of a pin, 
which is the axis continued, muſt fall upon 
the true hour circle. n 


_2dly, By an artificial ſtile. 


- 120M ſmall ſtring, with a nooſe, round the 
elevated pole, ſtretch it's other end beyond the 
globe, and move it ſo that the ſhadow of the 
ſtring may fall upon the depreſſed axis; at that 
inſtant it's ſhadow upon the equator will give 

the ſolar hour to a minute. | 

But remember, that either the autumnal or 
vernal equinoctial colure muſt firſt be placed 
under the graduated ſide of the ſtrong braſs 
meridian, before you obſerve the hour, each of 
theſe being marked OR the g with the 
hour XII. 

The ſtring in this laſt caſe being moved 
into the plane of the ſun, correſponds with the 
true hour circle, and conſequently gives the 
true hour, 


3dly, Without any flile at all. 


Every thing being rectified as before, look 
where the ſhade of extuberancy cuts the equa- 
tor, the colure being under the graduated fide 
of the ſtrong braſs meridian, and you' obtain 
the hour in two places upon the equator, one 
of them going before, and the other * 
the ſun. 

| 4 Note, 
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Note, If this ſhade be dubious, apply a a pin, 
or your finger, as before directed. 

The reaſon is, that the ſhade of extuberancy 
being a great circle, cuts the equator. in half, 
and the ſun, in whatſoever parallel of declina- 
tion he may happen to be, is always in the pole 
of the ſhade; conſequently the confines of light 
and ſhade will ſhew the true hour of the day. 


atbly, Peculiar to the inhabitants of London, 
and any place within the diſtance of ſixty 
miles from it. 955 


The globe baits every way adjaſted as be- 
fore, and London brought under the graduated 
ſide of the ſtrong braſs meridian, hold up a 
plumb-line, ſo that it's ſhadow may fall upon 


the zenith point, (which in this caſe is London 


itſelf) and the ſhadow'of the ſtring will cut the 
parallel of the day upon that point to which 
the ſun is then vertical, and that hour circle 
upon which this interſection falls, is the hour of 
the day; and as the meridians are drawn within 
the tropics, at twenty minutes diſtance from 
each other, the point cut by the interſection of 
the ſtring upon the parallel of the day, being ſo 
near the equator, may, by a glance of the ob- 
ſerver's eye, be referred thereto, and the true 
time obtained to a minute. 

The plumb-line thus moved is the azi- 


muth ; which, by cutting the parallel of the 
| day, 
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day, gives the ſun's place, and conſequently the 
hour circle which interſects it. 

From this laſt operation reſults a corollary, 
that gives a ſecond way of rectifying the globe 
to the ſun's rays. 

If the azimuth and ſhade of the illuminated 
axis agree in the hour when the globe is recti- 
fied, then making them thus to agree, muſt 
rectify the globe. 


CoROLLARY, 


Another method to rectiſy the globe to the ſun's 
| rays. 


Move the globe, till the ſhadow of the 
plumb-line, which paſſes through the zenith, 
cuts the ſame haur on the parallel of the day, 
that the ſhade of the pin, held in the direction 
of the axis, falls upon, amongſt the polar pa- 
rallels, and the globe is rectified. | 

The reaſon is, that the ſhadow of the axis 
repreſents an hour circle; and by it's agree- 
ment in the ſame hour, which the ſhadow of 
the azimuth ſtring points out, by it's inter- 
ſection on the parallel of the day, it ſhews the 
ſun to be in the plane of the ſaid parallel; 
which can never happen in the morning on the 
eaſtern ſide of the globe, nor in the evening on 
the weſtern ſide of it, but when the globe is 


rectified. 
This 
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This rectification of the globe is only 
placing it in ſuch a manner, that the principal 
great circles and points may concur and fall in 
with thoſe of the heavens. | 

The many advantages ariſing from theſe 
problems, relating to the placing of the globe 
in the ſun's rays, the tutor will eaſily diſcern, 
and readily extend to his own, as well as to the 


benefit of his pupil, 


THE 
GENERAL PRINCIPLES 
oF 
r LNG 
| ILLUSTRATED BY THE 


TERRESTRIAL GLORE, 


HE art of dialling is of very ancient 
origin, and was in former times culti- 
vated by all who had any pretenſions to ſcience; 
and before the invention of clocks and watches 
it was of the higheſt importance, and is even 
now uſed to correct and regulate them. 
It teaches us, by means of the ſun's rays, 
to divide time into equal parts, and to repre- 
ſent 
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ſent on any given ſurface the different circles 
into which, for convenience, we ſuppoſe the 
heavens to be divided, but principally the hour 
circles. 

The hours are marked upon a plane, and 
pointed out by the interpoſition of a body, 
which receiving the light of the ſun, caſts a 
ſhadow upon the plane. This body is called 
the axis, when it is parallel to the axis of the 
world. It is called the ſtile, when it is fo 
placed that only the end of it coincides with the 
axis of the earth; in this caſe, it is only 25 
point which marks the hours. 

Among the various pleaſing and profitable 
amuſements which ariſe from the uſe of globes, 

that of dialling is not the leaſt. By it the 

pupil will gain ſatisfactory ideas of the prin- 
ciples on which this branch of ſcience is 
founded; and it will reward, with abundance 
of pleaſure, thoſe that chuſe to exerciſe them- 
ſelves in the practice of it. | 

If we imagine the hour circles of any place, J 
as London, to be drawn upon the globe of the ww 
earth, and ſuppoſe this globe to be tranſparent, 1 
and to revolve round a real axis, which is 
opake, and caſts a ſhadow; it is evident, that 
whenever the plane of any hour ſemicircle 
points at the ſun, the ſhadow of the axis will 
fall upon the oppoſite ſemicircle.* 


| Let 
* Long's Aſtronomy, vol. 1, page 82. 
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Let a PC p, fig. 1, plate XIII, repreſent a 
tranſparent globe; abe def g the hour ſemi- 
circles; it is clear, that if the ſemicircle Pa p 

points at the ſun, the ſhadow of the axis will 
fall upon the oppoſite ſemicircle. 

If we imagine any plane to paſs through 
the center of this tranſparent globe, the ſhadow 
of half the axis will always fall upon one ſide or 
the other of this interſecting plane. 

Thus let AB CD be the plane of the hori- 
2on of London; ſo long as the ſun is above the 
horizon, the ſhadow of the upper half of the 
axis will fall ſomewhere upon the upper fide 
of the plane AB CD; when the ſun is below 
the horizon of London, then the ſhadow of the 
lower half of the axis E falls upon the lower 
fide of the plane. 

When the plane of any hour ſemicircle 
points at the ſun, the ſhadow of the axis marks 
the reſpective hour-line upon the interſecting 
plane. The hour-line is therefore a line drawn 
from the center of the interſecting plane, to 
that point where this plane is cut by the ſemi. 
circle oppoſite to the hour ſemicircle. 

Thus let A BCD, fig. 1, plate XIII, the 
horizon of London, be the interſecting plane; 
when the meridian of London points at the 
ſun, as in- the preſent figure, the ſhadow of the 
half axis PE falls upon the line EB, which is 


drawn from E, the center of the horizon, to 
| | ; x the 


* 
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the point where the horizon is cut by the 


oppoſite ſemicircle; therefore, E B is the line 
for the hour of twelve at noon. ö 

By the ſame method the reſt of the hour- 
lines are found, by drawing for every hour 
a line, from the center of the interſecting 
plane, to that ſemicircle which 1s oppoſite to 
the hour ſemicircle. 


Thus fig. 2, plate XIII, ſnews the hour-lines _ 


drawn upon the plane of the horizon of Lon- 
don, with only ſo many hours as are neceſſary ; 
that is, thoſe hours, during which the ſun is 
above the horizon of London, on the longeſt 
day in ſummer. | 

If, when the hour-lincs are thus found, the 
ſemicircles be taken away, as the ſcaffolding is 
when the houſe is built, what remains, as in 
fig. 2, will be an horizontal dial for London. 

If, inſtead of twelve hour circles, as above 
deſcribed, we take twice that number, we may 
by the points, where the interſecting plane is 
cut by them, find the lines for every half hour ; 
if we take four times the number of hour cir- 
cles, we may find the lines for every quarter 
of an hour, and ſo on progreſſively. 

We have hitherto conſidered the horizon of 
London as the interſecting plane, by which is 
ſeen the mcthod of making an horizontal dial. 
If we take any other plane for the interſecting 
plane, and find the points where the hour ſemi- 
circles paſs through it, and draw the lines from 

| the 


— — — 


| 
1 
| 
mW 
4 
" FRE 
| 


DTT — 


A1 9— 


+ 5 

y k 

f » 

ou 1 

" 

$ 

#2 

1 

1 | 

4 E 

Tr 7 1 
* % 1 
7 1 
— La 

- T3 
. 3 
T * 
* N 3 
4 — : 
; 
3 : 

WES 

b ** f 
A q 
17 

1 

1 * 1 

2 b : 

Jt Ly | 

l 

i : 

( W | 

l 

= ; 

Ly 2 
ii 

368 
_ 2 
hr 2 
8 : 

1 f 
1 p 
I 2 8 

5 » 

* * 

[1 A 5 

. 

1 
STS | 

F O08 
N 1 

q : 

l 55 

1 

*. 5 

Wi 4 7 

1 . 

1 
= / 
=— .zF 

+ 
= N 2 3 

9 5 
; Ti 
TS: =x 
in 
TS: 3 
+ 
FS 1 29 
40 5s 
111 
\ l 
w * 4 
| : 
114%: W 


1 
13 
* 5 
Pi £ 
. 
7 
E. * 
1 77 F. 
0 1 2 
74 * 
. : 
FF 
* 


F ; 


302 DESCRIPTION AND USE 


the center of the plane to thoſe points, we ſhall 


have the hour-lines for that plane. 

Fig. 3, plate XIII, ſhews how thehour-lines 
are found upon a ſouth plane, perpendicular to 
the horizon. Fig. 4, ſhews a ſouth dial, with 
1t's hour-lines, without the ſemicircle, WP means 
whereof they are found. 

The gnomon of every ſun- dial repreſents the 
axis of the earth, and is therefore always placed 
parallel to it; whether it be a wire, as in the 
figure before us, or the edge of a brafs plate, 
as in a common horizontal dial. 

The whole carth, as to it's bulk, is but a 
point, if compared to it's diſtance from the ſun; 
therefore; if a ſmall ſphere of glaſs be placed 
on any part of the earth's ſurface, ſo that it's 


axis be parallel to the axis of the earth, and the 


ſphere have ſuch lines upon it, and ſuch planes 
within it, as above deſcribed, it will ſhew the 


hour of the day as truly as if it were placed at 


the center of the earth, and the ſhell of the 
earth were as tranſparent as glaſs. 
A wire ſphere, with a thin flat plate of braſs 
within it, is often made uſe of to e the 
principles of dialling. 

From what has been ſaid, it is clear that 


_ dialling depends on finding where the ſhadow 


of a ſtrait wire, parallel to the axis of the 
carth, will fall upon a given plane, every hour, 


half OE” &c. the hour-lines being found as 
above 
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above deſcribed, which we ſhall proceed to 
exemplify by the globe. _ | 
Every dial-plane (that is, the plane ſurface 
on which a dial is drawn) repreſents the plane 
of a great circle, which circle is an horizon to 
ſome country or other. | | 

The center of the dial repreſents the center 
of the earth ; and the gnomon which caſts the 
ſhade repreſents the axis, and ought to point 
directly to the poles of the equator. 

The plane upon which dials are delineated 
may be either, 1. parallel to the horizon; 
2, perpendicular to the horizon; or, 3. cutting 
it at oblique angles. 


PROBLEM XL. 


E conſtruct an horizontal dial for any given lati- 
fude, by means of the terreſtrial globe. 


Elevate the globe to the latitude of the 
place, then bring the firſt meridian under the 
graduated edge of the ſtrong brazen one, which 
will then be over the hour XII, or the equator. 
As our globes have meridians drawn through 
every fifteen degrees of the equator, theſe me- 
ridians will repreſent the true circles of the 
ſphere, and will interſe& the horizon of the 
globe, in certain points on each ſide of the me- 
ridian. The diſtance of theſe points from the 


meridian muſt be carefully noted down upon a 
| | piece 
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i 


piece of paper, as will be ſeen in the example, 


The pupil need not, however, take out into his 


table the diſtances further than from XII to VI, 


which is juſt 90 degrees; for the diſtances of 
XI, X, IX, VIII, VII, VI, in the forenoon, are 
the ſame from XII as the diſtances of I, II, 
HI, IV, V, VI, in the afternoon; and theſe 
hour-lines continued through the center will 
give the oppoſite hour-lines on the-other half 
of the dial. | 

No more hour-lines need be drawn than 
what anſwer to the ſun's continuance above 
the horizon, on the longeſt vg of the year, in 


the given latitude. 


Example. Suppoſe the given place to be 


London, whoſe latitude is 51 deg. 30 min. 
north. 


Ele vate the north pole of the coke 4 to 511 
degrees above the horizon; then will the axis 


of the globe have the ſame elevation above the 


broad paper circle, as the gnomon of the dial is 
to have above the plane thereof. 
Turn the globe, till the firſt meridian 


' (which on Engliſh globes paſſes through Lon- 


don) is under the graduated fide of the ſtrong 
brazen meridian; then obſerve and note the 
points where the hour-circles interſect the ho- 
rizon; and as on our globes the inner graduated 
circle, on the broad paper circle, begins from 


the two ſixes, or eaſt and weſt, we ſhall begin 
from 
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from thence, calling the hour - VI oe o 
we ſhall find the other hours interſecting the 
horizon at the following degrees: V 18* '54 


| IV 36 24 
III 5 57 

N © 65 4h 

I 78 9 


which are the reſpective diſtances of the above 
hours from VI upon the plane of the horizon. 


To transfer theſe, and the reſt of the hours, 


upon an horizontal plane, draw the parallel 
right linesa c and bd, fig. 5, plate XIII, upon 
that plane, as far from each other as is equal to 
the intended thickneſs of the gnomon of the 
dial, and. the ſpace included between them will 
be the meridian, or twelve o'clock line upon 
the dial; croſs this meridian at right angles by 
the line g h, which will be the ſix o'clock line; 
then ſetting one foot of your compaſſes in the 
interſection a, deſcribe the quadrant ge with 
any convenient radius, or opening of the com- 
paſſes ; after this, ſer one foot of the compaſſes 
in the interſection b, as a center, and with the 
ſame radius deſcribe the quadrant fh; then 
divide each quadrant into yo equal mo or 
degrees, as in the figure. | | 

Becauſe the hour-lines are leſs diſtaht from 
each other about noon, than in any other part 
of the dial, it is beſt to have the centers-of the 
quadrants at ſome Uiſtance from the center of 
$4 - X the 
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the dial-plane, in order to enlarge the hour. diſ- 
tances near XII; thus the center of the plane 
is at A, but the center of the n is at a 
and b. 
Lay a rule over 78 9, and the center b, 
and draw there the hour-line of I. Through b, 
and 65 41, gives the hour-line of II. Through 
b, and 51 5%, that of III. Through the ſame 
center, and 36 24, we obtain the hour- line of 
IV. And through it, and 18 54, that of V. 
And becauſe the ſun riſes about four in the 
morning, continue the hour-lines of IV and 
V in the afternoon, through the center b to 
the oppoſite ſide of the dial. 
No lay a rule ſucceſſively to the center a 
of the quadrant eg, and the like clevations or 
degrees of that quadrant, 789, 65 41, 51 57, 
36 24, 18 54, which will give the forenoon 
hours of XI, X, IX, VIII, and VII; and be- 
cauſe the ſun does not ſet before VIII in the 
evening on the longeſt days, continue the hour- 
lines of VII and VIII in the afternoon, and all 
the hour-lincs will be finiſhed on this dial. 
Laſtly, through 514 degrees on either qua- 
drant, and from it's center, draw the right line 
ag for the axis of the gnomon a g i, and from 
g let fall the perpendicular g i upon the meri- 
dian line a i, and there will be a triangle made, 
_ whoſe ſides are ag, g i, and i a; if a plate ſimi- 
har to * triangle be made as thick as the diſ- 


tance 
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tance between the lines a c and b d, and be ſet 
upright between them, touching at a and b, the 
line a g will, when it is truly ſet, be parallel to 
the axis of the world, and will caſt a ſhadow on 
the hour of the day. 

The trouble of dividing the two quadrants 
may be ſaved, by uſing a line of chords, which 
is always placed upon every ſcale belonging to 
a caſe of inſtruments. 


— 


PROBLEM XLI. 


20 delineate a dirett ſouth dial for any given lati- 
tude, by the globe. 


Leet us ſuppoſe a ſouth dial for the latitude 
of London. 
| _  Elevate the pole to the co-latitude of your 
place, and proceed in all reſpects as above taught 
for the horizontal dial, from VI in the morning 
to VI in the afternoon, only the hours muſt be 
reverſed, as in fig. 3, plate XIII; and the hy- 
pothenuſe a g of the gnomon a g f, muſt make 
an angle with the dial plane to the co-latitude 
of the place. | 
As the ſun can ſhine no longer than from VI 
in the morning to VI in the evening, there is no 
occaſion for having more chan twelve: hours 
upon this dial. 
In ſolving this problem, we bave conſidered 
our r vertical ſouth dial for the latitude of Lon- 
X 2 | don, 
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don, as an horizontal one for the complement 
of that latitude, or 38 deg. 30 min.; all direct 
vertical dials may be thus reduced to horizontal 
ones, in the ſame manner. The reaſon of this 
will be evident, if the globe be elevated to the 
latitude of London; for by fixing the quadrant 
of altitude to the zenith, and bringing it to in- 
terſect the horizon in the eaſt. point, it will 
point out the plane of the propoſed dial. 

This plane is at right angles to the meri- 
dian, and perpendicular to the horizon; and it 
is clear, from the bare inſpection of the globe 
thus elevated, that it's axis forms an angle with 
this plane, which is juſt the complement of that 
which it forms with the horizon, and is there- 
fore juſt equal to the co-latitude of the place; 


and that therefore it is moſt ſimple to rectify 


the globe to that co-latitude. 

| The north vertical dial is the ſame with the 
ſouth, only the ſtile muſt point upwards, and 
that many of the hours from it's direction can 
be of na uſe. | 


PROBLEM xLII. 1 


Ta make an ered dial, toilining from the foulh 
towards the eaſt or et. 


Elevate the pole to the ide of the 
place, and ſcrew the quadrant of vitiruge: to the. 


zenith. 


Then 
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Then if your dial dec lines towards the eaſt, 
(which we ſhall ſuppoſe in the preſent inſtance). 
count in the horizon the degrees of declination 
from the eaſt point towards the north, and bring 
the lower end of the quadrant to coincide with. 
that degree of declination at which the reckon- 
ing ends. a 

Then bring the firſt meridian under the 
graduated edge of the ſtrong braſs meridian, 
which ſtrong meridian will be the horary in- 


dex. 
Now turn the globe weſtward, and obſerve 


the degrees cut in the quadrant of altitude by 
the firſt meridian, while the hours XI, X, IX, 
&c. in the forenoon, paſs ſucceſſively under the 
brazen one; and the degrees thus cut on the 
quadrant by the firſt meridian, are the reſpec- 
tive diſtances of the forenoon hours, from ALL » 
on the plane of the quadrant. 

For the afternoon hours, turn the quadrant 
of altitude round the zenith, until it comes to 
the degree in the horizon, oppoſite to that 
where it was placed before, namely, as far from 
the weſt towards the ſouth, and turn the globe 
caſtward ; and as the hours I, II, III, &c. paſs : 
under the ſtrong brazen meridian, the firſt me- 
ridian will cut on the quadrant of altitude the 
number of degrees from the zenith, that each 
of the hours is from XII on the dial. 

When the firſt meridian goes off the. quad- 
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rant at the horizon, in the forenoon, the hour 
index will ſhew the time when the ſun comes 
upon this dial ; and when it goes off the quad- 
rant in the afternoon, it points to the time when 
the ſun leaves the dial. | 

Having thus found all the hour diſtances 
from XII, lay them down upon your dial plane, 


either by dividing a ſemicircle into two quad- 


rants, or by the line of chords. 

In all declining dials, the line on which the 
gnomon ſtands makes an angle with the twelve 
o'clock line, and falls among the forenoon hour 
lines, if the dial declines towards the eaſt; and 
among the afternoon hour lines, when the dial 
declines towards the weſt; that is, to the left 
hand from the twelve o'clock line in the for- 


mer caſe, and to the right hand from it in the 


latter. 


To find the diflance of this line from that of 


twelve. 


This may be conſidered, 1. If the dial de- 
clines from the ſouth towards the eaſt, then 
count the degrees of that declination in the ho- 
rizon, from the eaſt point towards the north, 


and bring. the lower end of the quadrant to 


that degree of declination where the:reckon- 
ing ends; then turn the globe, until the firſt 
meridian cuts the horizon in the like number 
| of 
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of degrees, counted from the ſouth point to- 
wards the eaſt, and the quadrant and firſt meri- 
dian will croſs one another at right angles, and 
the number of degrees of the quadrant, which 
are intercepted between the firſt meridian and 
the zenith, is equal to the diſtance of this line 
from the twelve o'clock line. ö 

The numbers of the firſt meridian, which 
are intercepted between the quadrant and the 
north pole, is equal to the elevation of the ſtile 
above the plane of the dial. | 

The ſecond caſe is, when the dial declines 
weſtward from the ſouth. ; 

Count the declination from the eaſt point 
of the horizon, towards the ſouth, and bring the 
quadrant of altitude to the degree in the hori- 
zon, at which the reckoning ends, both for 
finding the forenoon hours, and the diſtance of 
the ſubſtile, or gnomon line, from the meridian ; 
and for the afternoon hours, bring the quad- 
rant to the oppoſite degrees in the horizon, 
namely, as far from the weſt towards the north, 
and then proceed in all reſpects as before. | 

It is preſumed, that the foregoing inſtances 


will be ſufficient to illuſtrate: the general prin-„— 


ciples of dialling, and to give the pupil a gene- 
ral idea of that pleaſing ſcience ; for accurate 
and expeditious methods of conſtructing dials, 
we muſt refer him to treatiſes written ond 


on that ſubject. | 
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N N VI A ON 
EXPLAINED BY THE 
. 

AVIGATION is the art of guiding a 
ſhip at ſea, from one place to another, 
in the ſafeſt and moſt convenient manner. In 


order to attain this, four things are particularly 
neceſſary: | 

1. To know the ſituation and diſtance of 
places. 

2. To know at all times the points of the 


compaſs. 


3. To know the line which the ſhip is to 
be directed from one place to the other. 
4. To know, in any part of the voyage, what 
point of the globe the ſhip is upon. 
The knowledge of the diſtance and ſitua- 


tion of places, between which a voyage is to be 
made, implies not only a general knowledge of 


geography, but of ſeveral other particulars, as 
the rocks, ſands, ſtreights, rivers, &c. near 
which we are to fail; the bending out, or run- 
ning in of the ſhores, the knowledge of the 
times that particular winds ſet in, the ſeaſons 
when ſtorms and hurricanes are to be expected, 

| but 

* 
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but. r the tides; theſe and many other 
ſimilar circumſtances are to be learned from ſea 
charts, journals, &c. but SO by obſervation 


and experience. | 
The ſecond particular to bs inet is ; the 


knowledge at all times of the points of the 
compaſs, where the ſhip is. The ancients, to 


whom the polarity of the loadſtone was un- 
| known, found in the day-time the eaſt or weſt, 


by the rifing or ſetting of-the ſun; and at 


night, the north by the polar ſtar. We have 


the advantage of the mariner's compaſs, by 
which, at any time in the wide ocean, and the 


darkeſt night, we know where the north is, 


and conſequently the reſt of the points of the 


compaſs. 

Indeed, before the invention of the mari- 
ner's compaſs, the voyages of the Europeans 
_ were principally confined to coaſting ; but this 


' fortunate diſcovery has enabled the mariner to 
explore new ſeas, and diſcover new countries, 
which, without this valuable acquiſition, would 


probably have remained. for ever unknown. 
The third thing required to be known, is 
the line which a ſhip deſcribes upon the globe 


of the earth, in going from one place to ano- 


ther. 
The ſhorteſt way from one place to er 


is an arc of a great circle, drawn through the 


two places. 
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The moſt convenient way for a ſhip, is that 


by which we may ſail from one place to ano. . 
ther, directing the ſhip all the while towards 
the ſame point of the compaſs.. | 

A ſhip is guided by ſteering or directing 
her towards ſome points of the compaſs; the 
line wherein a ſhip is directed, is called the 
ſhip's courſe, which is named from the point 
towards which ſhe ſails. 
Thus if a ſhip fails towards the north-caſt 

point, her courſe is ſaid to be N. E. 

In long voyages, a ſhip's way may confiſt of 
a great number of different courſes, as from A 

to B, from B to C, and from C to D, fig. 9, 
plate XIII; when we ſpeak of a ſhip's courſe, 
we conſider one of theſe at a time; the ſel- 
-domer the courſe is changed, the more eaſily 
the ſhip is directed. 

F two places, A and Z, fig. J, plate XIII. 
lie under the ſame meridian, the courſe from 
the one to the other is due north or ſouth. 
Thus let A Z be part of a meridian; if A be 
ſouth of Z, the courſe from A to Z muſt be 
north, and the courſe from Z to A ſouth. This 
is evident from the nature of a meridian, that 
it marks upon the horizon the north and ſouth 
points, and that every point of any meridian 1s 
north or ſouth from every other point of it. 


From hence we may deduce the following co- 
rollary; 


— 
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rollary ; that if a ſhip ſails due north or ſouth, 
ſhe will continue on the ſame meridian. 

If two places lie under the equator, the 
courſe from one to the other is an arc of the 
equator, and is due eaſt or weſt. Thus let a z, 
fig. 7, be a part of the equator ; if a be weſt 
from 2, the courſe from a to 2 is eaſt, and the 
courſe from 2 to a is weſt : for ſince the equa- 
tor marks the eaſt and weſt points upon the 
horizon, every point of the equator lies eaſt or 
weſt of every other point of it, as may be ſeen 
upon the globe, by placing it as for a right 
ſphere, and bringing a or 2, or any of the in- 
termediate points, to the zenith ; when it will 
be evident, that if we are to go from one of 
theſe points a, to the other gz, or to any point 
on the equator, we muſt continue our courſe 
due caſt to arrive at a, or vice verſa. From hence 
we may deduce this conſequence, that if a ſhip 
under the equator fails due eaſt or weſt, ſhe 
will continue under the equator. | 

In the two foregoing caſes, the courſe be- 
ing an arc of a great circle; (the meridian or 
equator) 1s the ſhorteſt and the moſt convenient 

way it can fail. 1 
Flo places lie under the ſame parallel, the 
courſe from one to the other is due eaſt or 
weſt ; this may be ſeen upon the globe, by the 
following method : bring any point of a paral- 
Je} to the zenith, and ſtretch a thread over it, 
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perpendicular to the meridian; the thread will 
then bea tangent to the parallel, and ſtand eaſt 
and weſt from the point of contact. Hence, 
if a ſhip ſails in any parallel, due eaſt or weſt, 
ſhe will continue in the ſame parallel. In this 
caſe, the moſt convenient courſe, though not 
the ſhorteſt, from one to the other, is to ſail due 
eaſt or weſt. 
1f two places lie neither under the equator, 
nor on the ſame meridian, nor inthe ſame parallel, 
the moſt convenient, though not the ſhorteſt, 
courſe from one to the other, is-in a rhumb. 
For if we ſhould in this caſe attempt to go 
the ſhorteſt way, in a great circle drawn through 
the two places, we nl be perpetually chang- 
ing our courſe. Thus fig. 8, whatever is the 


bearing of Z from A, the bearings of all the 


intermediate points, as B, C, D, E, &c. will be 
different from it, as well as different from each 
other, as may be eaſily ſeen upon the globe, by 
bringing the firſt point A to the zenith, and 
obſerving the bearing of Z from each of them. 
Thus ſuppoſe, when the globe is rectified to the 
horizon of A, the bearing of Z from Abe north- 
eaſt, and the angle of poſition of Z, with regard 
to A, be 45 degrees; if we bring B to the ze- 
nith, we ſhall have a different horizon, and the 
bearing and angle of poſition from Z to B will 
be different from the former; and ſo on of the 


other 9 LG, 13% 3 ney will each of them 
have 
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haye a different horizon, and Z will have a dif- 
ferent bearing and angle of poſition. 

From hence we may draw this corollary, 
that when two places lie one from the other, 

towards a point not cardinal, if we ſail from 
one place towards the point of the other's 
bearing, we ſhall never arrive at the other 
place. Thus if Z lies north-eaſt from A, if we 
fail from A towards the north-eaſt, we ſhall 
never arrive at Z. 

A rbumb upon the globe is a line drawn 
from a given place A, ſo as to cut all the me- 
ridians it paſſes through at equal angles; the - 
rhumbs are denominated from the points of the 
compaſs, in a different manner from the winds. 
Thus, at ſca, the north-eaſt wind is that which 
blows from the north-caſt point of the horizon, 

towards the ſhip in which we are; but we are 
ſaid to fail upon the N. E. rhumb, when we go 8 
towards the north-eaſt. 

The rhumb A B CD Z, fig. 8, plate XIII. 
paſſing through the meridians LM, NO, PQ, 
makes the angles LAB, NBC, PC D, equal; 

from whence it follows, that the direction of a 
rhumb is in every part of it towards the ſame 
point of the compaſs ; thus from every point of 
a north-eaſt rhumb upon the globe, the direc- 
tion is towards the north-eaſt, and that rhumb 
makes an angle of 45 deg. with every meridian 
It is drawn * 

FFC 
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Another property of the rhumbs is, that 
equal parts of the ſame rhumb are contained 
between parallels of equal diſtance of latitude ; 
ſo that a ſhip continuing in the ſame rhumb, 
will run the ſame number of miles in failing 
from the parallel of 10 to the parallel of go, as 
ſhe does in failing from the parallel of 3o to 
that of 50. 

The fourth thing e to be required 
in navigation, was, to know at any time what 
point of the globe a ſhip is upon. This de- 
pends upon four things: 1. the longitude; 2. 
the latitude; g. the courſe the ſhip has run; 
4. the diſtance, that is, the way ſne has made, 

or the number of leagues or miles ſhe has run 
in that courſe, from the place of the laſt ob- 
ſervation. Now any two of theſe being known, 

the reſt may be eaſily found. 

Having thus given ſome general idea of 
navigation, we now proceed to the problems 
by which the caſes of ſailing are ſolved on the 
globe. 


rp 


PROBLEM XIIII. 


Given the difference of latitude, and difference of 
longitude, to Ind the courſe and diſtance 


nv 15 


Example. Admit a ſhip fails from a port 
A, 


a . 
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A, in latitude 38 deg. to another port B, in 
latitude 5 deg. and finds her difference of lon- 
gitude 43 deg. | 

Let the port A be brought to the meridian, 
and elevate the globe to the given latitude of 
that port 38 deg. and fixing the quadrant of 
altitude preciſely over it on the meridian, move 
the 'quadrant to lie over the fecond port B, 
(found by the given difference of latitude and 
longitude) then will it cut in the horizon 50 deg. 
45 min. for the angle of the /4zp's courſe to be 
ſteered from the port A. Alſo, count the de- 
grees in the quadrant between the two ports, 
which you will find 51 deg. ; this number mul- 
tiplied by 60, (the nautical miles in a degree) 
will give 3060 for the diſtance run. 


PROBLEM XLIV. 


\ Given the difference of latitude and courſe, to 
ind the difference of longitude and diftance 
failed. | 


Example. Admit a ſhip ſails from a port 
A, in 25 deg. north latitude, to another port 
B, in 3o deg. ſouth latitude, upon a courſe of 
43 deg. 5 1 

Bring the port A to the meridian, and rec- 
tify the globe to the latitude thereof 25 deg. 
where fix the quadrant of altiiude, and place it 
ſo as to make an angle with the meridian of 
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43 deg. in the horizon, anid obſerve where the 
edge of the quadrant interſects the parallel of 
zo deg. ſouth latitude, for that is the place of 
the port B. Then count the number of de- 
grees on the edge of the quadrant. interſected 
between the two ports, and there will be found 
73 deg. which, multiplied by 60, gives 4380 
miles for the diſtance failed. ,As the two 
ports are now known, let each be brought to 
the meridian, and obſerve the difference of 
longitude in the equator reſpectively, which 
will be found 50 deg. 

N. B. Had this problem been ſolved by 


' Toxodromics, or ſailing on a rhumb, the differ- 


ence of longitude would then have been 52 


deg. 30 min. between the two ports. 


| PROBLEM XLV. 

Given the difference of latitude and diſtance run, 
to find the difference of longitude, and angle of 
the courſe. | 


Example. Admit a ſhip ſails from a _ 
A, in latitude 50 deg. to another port B, 


latitude 17 deg. go min. and her diſtance run 


be 2220 miles. Rectify the globe to the lati- 
tude of the place A, then the diſtance run, re- 
duced to degrees, will make 37 deg. which are 
to be reckoned from the end of the quadrant 


| lying over the port A, under the meridian; 


75 oa then 
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then-is the quadrant to be moved, till the 37 
deg. coincides with the parallel of 17 deg. 30 
min. north latitude ; then will the angle of the 
courſe appear in the arch of the horizon, inter- 
cepted between the quadrant and the meri- 


XR 


dian, which will be 32 deg. 40 min.; and by _ 


making a mark on the globe for the port B, and 
bringing the ſame to the meridian, you will 
obſerve what number of degrees paſs under the 
meridian, which will be 20, the difference of 
longitude required. 


PROBLEM XLVI. 


Given the difference of longitude and courſe, to 
nd the difference of latitude and diſtance 
failed, 


Example. Suppoſe a ſhip fails from A, in 
the latitude 51 deg. on a courſe making an 
angle with the meridian of 40 deg. till the dif- 
ference of longitude be found juſt 20 deg. ;. 
then rectifying the globe to the latitude of the 
port A, place the quadrant of altitude ſo as to - 
make an angle of 40 deg. with the meridian; . 
then obſerve at what point it interſects the 
meridian paſſing through the given longitude 
of the port B, and there make a mark to repre- 
ſent the ſaid port; then the number of degrees 
intercepted between that and the port A will 


be 28, which will give 1680 miles for the diſ- 
. - tance 


* 
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tance run. And the ſaid mark for the port B, 
being brought to the meridian, will have it's 
latitude there ſhewn to be 27 deg. 40 min. 


PROBLEM XLVIT: 


Given the courſe and diſtance ſailed, to find the 
difference of longitude, and e of 
latitude. 


Example. Suppoſe a ſhip fails 1860 miles 
from a port A, 51 deg. 15 min. ſouth-weſt, on 
an angle of 45 deg. to another port B. 

Having rectified the globe to the port A, 
fix the quadrant of altitude over. it in the 
zenith, and place it to the ſouth-weſt point in 
the horizon; then upon the edge of the qua- 
. - drant under 30 deg. (equal to 1800 miles from 
the port A) is che port B; which bring to the 
meridian, and you will there ſee the latitude; 
and at the ſame time, it's longitude on the 
equator, in the point cut by the meridian. 

In all theſe caſes, the ſhip is ſuppoſed to be 
kept upon the arch of a great circle, which is 
not difficult to be done, very nearly, by means 
of the globe, by frequently obſerving the lati- 
tude, meaſuring the diſtance failed, and (when 
you can) finding the difference of longitude; 
for one of theſe being given, the place and 
courſe of the ſhip is. known at the ſame time; 
and therefore the TY courſe may be al- 


_ | 


"1h 6; 
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tered, and rectified without any trouble, through 
the whole voyage, as often as ſuch obſervations 
can be obtained, or it is found neceſſary. Now 
if any of theſe data are but of the quantity of 
four or five degrees, it will ſuffice for correct- 
ing the ſhip's courſe by the globe, and carrying 
her directly to the intended port, according to 
| the en e 


PROBLEM XLVITE; 


To Heer a ſhip upon the arch of a great circle 
by the given difference of latitude, or differ- 
ence of longitude, or diftance ſailed in a given 
time. 


Admit a ſhip fails from a port A, to a very 
diſtant port Z, whoſe latitude and longitude are 
given, as well as it's geographical N 
from A; then, 

Firſt; having rectified the globe to the port 
A, lay the quadrant of altitude over the port 
Z, anddraw thereby the arch of the great circle 
through A and Z; this will deſign the e. | 
path or tract of the ſhip, 

Secondly, having kept the ſhip upon the 
firſt given courſe for ſome time, ſuppoſe by an 
obſervation you find the latitude of the pre/ent 
place of the ſhip, this added to, or ſubducted 
from the latitude of the port A, will give the 
preſent latitude in the meridian; to which 

Y 2 | is 
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bring the path of the ſhip, and the part there- 
in, which lies under the new latitude, is the 
true place B of the ſhip in the great arch. To 
the latitude of B rectify the globe, and lay the 


quadrant over Z, and it will ſhew in the hori- 


zon the new courſe to be ſteered. 

Thirdly, ſuppoſe the ſhip to be ſteered upon 
this courſe, till her diſtance run be found goo 
miles, or 5 deg.; then, the globe being recti- 
fied to the place B in the zenith, laying the 
quadrant from thence over the great arch, 
make a mark at the 5th degree from B, and 
that will be the preſent place of the ſhip, which 
call C; which being brought to the meridian, 
it's latitude and longitude, will be known. 
Then rectify the globe to the place C, and 


- laying the quadrant from thence to Z, the new 


courſe to be ſteered will appear in the ho- 
FIZOn. | | | 
Fourthly, having ſteered ſometime upon this 
new courſe, ſuppoſe, by ſome means or other, 
you come to know the difference of longitude 
of the preſent place of the ſhip, and of any of 
the preceding places, C, B, A; as B, for in- 
ſtance; then bring B to the meridian, and 
turn the globe about, till ſo many degrees of 


the equator paſs under the meridian as are 


equal to the diſcovered difference of longitude ; 
then the point of the great arch cut by the me- 
ridian is the preſent place D of the ſhip, to 

which 
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which the new courſe is to be found as be- 
fore. 

And thus, by repeating theſe obſervations 
at proper intervals, you will find future places, 
E, F, G, &c. in the great arch; and by recti- 
fying the courſe at each, your ſhip will be 
conducted on the great circle, or the neareſt 
way from the port A to Z, by the / of the 
globe only. 


— ͤ N — — 
OF THE 
x 2 E 
OF THE 


- TERRESTRIAE. GLOKE 
WHEN MOUNTED IN THE COMMON MANNER, 


' 


LTHOUGH I have, in the firſt part of 

this eſſay, laid before my readers the 
reaſons which induce me to prefer my father's 
manner of mounting the globes, to the old or 
Ptolemaic form, yet as many may be in poſſeſ- 
ſion of globes mounted in the old form, and 
others may have been taught by thoſe globes, I 1 
thought it would render theſe eſſays more com- 


Y3 „ 
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} 


| plete, to give an account of ſo many of the 


leading problems, ſolved on the common globes, 
as would enable them to apply the remainder 
of thoſe heretofore ſolved, to their own uſe. 
This is the more expedient, as, fince the publi- 
cation of my father's treatiſe, there have been 
a few attempts to do away ſome of the incon- 
veniences of the ancient form, particularly 
that of the old hour-circle, which is now gene- 
rally placed under the meridian. | 
I cannot, however, refrain from again ob- 
ſerving to the pupil, that the ſolution of the 
problems on the old globes depends upon ap- 
pearances; that therefore, if he means to con- 
tent himſelf with the mere mechanical ſolution 
of them, the Ptolemaic globes will anſwer his 


-- purpoſe ; but if he wiſhes to have clear ideas 


of the rationale of thoſe problems, he muſt uſe 
' thoſe mounted in my father's manner. 

The celeſtial globe is uſed the ſame way in 
both mountings, excepting that in my father's 
mounting it has ſome additional circles ; but 
the difference is ſo trifling, that it is preſumed 
the pupil can find no difficulty in applying the 
directions there given to the old form. 
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PROBLEM I. 


To find the latitude and longitude of any given 
Place on the globe. 


Bring the place to the eaſt ſide of the braſs 
meridian, then the degree marked on the me- 
ridian over it ſhews it's latitude, and the de- 
gree of the equator under the meridian ſhews 
it's longitude. 

Hence, if the longitude and latitude of any 
place be given, the place is eaſily found, by 
bringing the given longitude to the meridian; 
for then the place will lie under the given de- 

gree of latitude upon the meridian. 


PROBLEM 11. 


To find the difference of longitude between 85 
oo uu places. 


Bring each of the given places . 
to the brazen meridian, and ſee where the me- 
ridian cuts the equator each time; the number 
of degrees contained between thoſe two points, 
if it be leſs than 180 deg. otherwiſe the re- 
mainder to 360 deg. will be the difference of 
e required. | 


Y 4 "_ : PRo- 
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PROBLEM III. 


To 9 the globe for the latitude, zenith, and 
ſun's 99885 : 


Find the latitude of the place by prob. r, 
and if the place be in the northern hemiſphere, 
elevate the north pole above the horizon, ac- 
cording to the latitude of the place. If the 
place be in the ſouthern hemiſphere, elevate 
the ſouth pole above the ſouth point of the ho- 
rizon, as many degrees as are cqual to the 
latitude, 

Having elevated the globe according to it's 
latitude, count the degrees thereof upon the 
© meridian from the equator towards the ele- 

| vated pole, and that point will be the zenith, 
or the vertex of the place; to this point of the 
meridian faſten the quadrant of altitude, ſo 
that the graduated edge thereof may be joined 
to the ſaid point. 
Having brought the ſun's place in the 
.ecliptic to the meridian, ſet the hour index to 
twelve at noon, and the globe will be rectified 
to the ſun's place, 


Pro» 
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PROBLEM Iv. 


The bour of the day at any place being given, to 


find all thoſe on the globe, where it is noon, 


midnight, or any given hour at that time. 


On the globes when mounted in the com- 


mon manner, it is now cuſtomary to place the 
hour-circle under the north pole; it is divided 


into twice twelve hours, and has two rows of 


figures, one running from eaſt to weſt, the 
other from welt to eaſt ; this circle is moveable, 
and the meridian anſwers the purpoſe of an 
index. | 
Bring the given place to the brazen meri- 
dian, and the given hour of the day on the hour- 
circle; this done, turn the globe about, till the 
meridian points at the hour deſired; then, 


with all thoſe under the meridian, it is noon, 


midnight, or any given hour at that time. 


PROBLEM V. | 
be hour of the day at any place being given, 


to find the correſpondent bour (or what o'clock 


it is at that time) in any other place. 


Bring the given place to the brazen meri- 
ridian, and ſet the hour-circle to the given 
time; then turn the globe about, until the 


place where the hour is required comes to the 
| meridian, 
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meridian, and the meridian will point out the 


hour of the day at that place. 
Thus, when it is noon-at London, it is 


H. M. 
[Rome — - 0 £2 "P.M. 
_.pottantinople — r M, 
Vera Cruz - . 


1 in hies 7 50 P.M. 


PROBLEM VI. 
The day of the month being given, to find all thoſe 
places on the globe where the ſun will be ver- 
tical, or in the zenith, that day. 


Having found the ſun's place in the eclip- 
tic for the given day, bring the ſame to the 
brazen meridian, obſerve what degree of the 
meridian is over it, then turn the globe round 
it's axis, and all places that paſs under that 
8 degree of the meridian, will have the ſun ver- 
tical, or in the zenith, that day; 7. e. directly 
over the head of each place at it's reſpective 
noon. | 
| PROBLEM VII. 

A place being given in the torrid zone, to find 
thoſe 1wo days of the year on which the ſun 
will be vertical 10 that place. | 


Bring the given place to the brazen meri- 


_ and mark the degree of latitude that is 
exactly 


- 
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exactly over it on the meridian ; then turn the 
globe about it's axis, and obſerve the two 
points of the ecliptic which paſs exactly under 
that degree of latitude, and look on the hori- 


zon for the two days of the year in which the 


ſun is in thoſe points ordegrees of the ecliptic, 
and they are the days required; for on them, 
and none elſe, the ſun's declination is equal to 
the latitude of the given place. 


PROBLEM VIII. 


To find the anteci, periæci, and antipodes of any 
given place. 


Bring the given place to the brazen meri- 
dian, and having found it's latitude, keep the 
globe in that poſition, and count the ſame 
number of degrees of latitude on the meridian, 
from the equator towards the contrary pole, 
and where the reckoning ends, that will give 
the place of the antœci upon the globe. 
Thoſe who live at the equator have I no an- 
tœci. F 
The globe remaining in the ſame poſition, 
bring the upper XII on the horary circle to 
the meridian, then turn the globe about till 
the meridian points to the lower XII; the 
place which then lies under the meridian, 
having the ſame latitude with the given place, 
is the periceci required. Thoſe who. *. at 
the poles, if any, have no periceci. Eon 
| As 
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As the globe now ſtands (with the index at 
the lower XII), the antipodes of the given place 
are under the ſame point of the brazen meri- 
dian where it's antœci ſtood before. 


PROBLEM IX. 


To find at what hour the ſun riſes and ſets any 
day in the year, and alſo upon what point of 
the compaſs. 


Rectify the globe for the latitude of the 
place you are in; bring the ſun's place to the 
meridian, and bring the XII to the meridian; 
then turn the ſun's place to the caſtern edge of 
the horizon, and the meridian will point out the 
hour of riſing; if you bring it to the weſtern 
edge of the horizon, it will ſhew the ſetting. 
Thus on the 16th day of March, the ſun 
roſe a little paſt ſix, and ſet a little before 
ix. 
Note. In the ſummer the ſun riſes and 
ſets a little to the northward of the eaſt and 
weſt points, but in-winter, a little to the ſouth- 
ward of them. If, therefore, when the ſun's 
place is brought to the eaſtern and weſtern 
edges of the horizon, you look on the inner 
circle, right againſt the ſun's place, you will 
ſee the point of the compaſs upon which the 
Jun riſes and ſets that day, 


PRo- 
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PROBLEM X. 


To. find the length of the day and night « at any 
time of the year. 


Only double the time of the ſun's rifing 
that day» and it gives the length of the night ; 
double the time of his ſetting, and it gives 
the length of the day. 

This problem ſhews how long the ſun ſtays 
with us any day, and how long he is abſent 
from us any night. | 

Thus on the 26th of May the ſun riſes 
about four, and ſets about eight; therefore the 
day is ſixteen hours long, and the night eight. 


PROBLEM XI. 


To find the length of the longeſt or ſhorteſt 5 
al any place upon the earth. 


Rectify the globe for that place, bring the 
beginning of Cancer, to the meridian, bring 
XII to the meridian, then bring the ſame de- 
gree of Cancer to the eaſt part of the horizon, 
and the meridian will ſhew the time of the 
ſun” 8 riſing. 

If the ſame degree be brought to the 
weſtern ſide, the meridian will ſnew the ſet- 
ting, which doubled, (as in the laſt problem) 

will 
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will give the length of the longeſt day and- 
ſharteſt night. 

If we bring the beginning of Capricorn to 
the meridian, : and proceed in all reſpects as 
before, we ſhall have the length of the longeſt 
night and ſhorteſt day. 

Thus in the Great Mogul's dominions, the 
longeſt day is fourteen hours, and the ſhorteſt 
night ten hours. The ſhorteſt day is ten hours, 
and the longeſt night fourteen hours. 

At Peterſburgh, the ſeat of the Empreſs of 
Ruſſia, the longeſt day is about 19% hours, and 
the ſhorteſt night 41 hours; the ſhorteſt day 
41 hours, and longeſt night 194 hours. 

| Note. In all places near the equator, the 
ſun riſes and ſets at fix the year round. 
From thence to the polar circles, the days in- 
creaſe as the latitude increaſes ; ſo that at thoſe 
circles themſelves, the longeſt day is 24 hours, 
and the longeſt night juſt the ſame. From the 
polar circles to the poles, the days continue to 
lengthen into weeks and months; ſo that at 
the very pole, the ſun ſhines for ſix months 
together in ſummer, and is abſent from it ſix 
months in winter. 

Note, That when it is ſummer with the 
northern inhabitants, it is winter with the 
| ſouthern, and the contrary; and every part of 

the world partakes of an equal ſhare of light 


and darkneſs, 
PRo- 


OF THE GLOBES, 335 


PROBLEM XII. 


To find all thoſe inhabitants to whom the ſun is 
this moment riſing or ſetting, in thetr meridian 
or midnigbi. 


Find the fun's place in the ecliptic, and 
raiſe the pole as much above the horizon as the 
ſun (that day) declines from the equator; then 
bring the place where the ſun is vertical at 
that hour to the braſs meridian ; ſo will it then 
be in the zenith or center of the horizon. 
Now fee what countries lie on the weſtern edge 
of the horizon, for in them the ſun is riſing; * 
to thoſe on the eaſtern fide he is ſetting ; to 
thoſe under the upper part of the meridian it 
is noon day; and to thoſe under the lower part 
of it, it is midnight. 

Thus on the 25th of April, at fix o "cock 
in the evening, at Worceſter, 

The ſun is riſing at New Zealand; ad to 
thoſe who are ſailing in the middle of the 
Great South Sea. 


The ſun is ſetting at Sweden, Hungary, 
Italy, Tunis, in the middle of Nenn and 
Guinea. 

In the meridian (or noon) at the middle of 
Mexico, Bay of Honduras, middle of Florida, 
Canada, &c. | | 
Midnight 
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Midnight at the middle of Tartary, Bengal, 
India, and the ſeas near the Sunda iſles. 


PROBLEM XIII. 
To find the beginning and end of twilight. 


The twilight is that faint light which opens 

the morning by little and little in the caſt, be- 
fore the ſun riſes; and gradually ſhuts in the 
evening in the weſt, after the ſun is ſet. It 
ariſes from the ſun's illuminating the upper 
part of the atmoſphere, and begins always 
when he approaches within cighteen degrees 
of the eaſtern part of the horizon, and ends 
when he deſcends eighteen degrees below the 
weſtern; when dark night commences, and 
continues till day breaks again. : 

To find the beginning of twilight, rectify 
the globe; turn the degree of the ecliptic, 
which is oppoſite to the ſun's place, till it is 
elevated eighteen deg in the quadrant of 
altitude above the horizon on the weſt, ſo will 
the index point the hour twilight begins. 


enable the pupil to ſolve any other. 


ESSAY 


\ 


Or THz Us OF THE CELESTIAL GLOBE. 


HE celeſtial globe is an artificial repre- 

ſentation of the heavens, having the fixed 

ſtars drawn upon it, in their natural order and 

ſituation ; whilſt it's rotation on it's axis repre- 

ſents the apparent diurnal motion of the ſun, 
moon, and ſtars. 

It is not known how early the ancients had 
any thing of this kind: we are not certain what 
the ſphere of Atlas or Muſæus was; perhaps 
Palamedes, who lived about the time of the 


Trojan war, had ſomething of this kind; for of 
him it is ſaid, 


To mark the ſigns that cloudleſs ſries beſtow, 
To tell the ſeaſons, when to {ail and plow, 
He firſt deviſed ; each planet's order found, 
It's diſtanee, period, in the blue profound. 


2 
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From Pliny it would ſeem that Hipparchus 
had a celeſtial globe with the ſtars delineated 
upon it. 

It is not to be ſuppoſed that the celeſtial 
globe is ſo juſt a repreſentation of the heavens 
as the terreſtrial globe is of the earth; becauſe 
here the ſtars are drawn upon a convex ſurface, 
whereas they naturally appear in a concave 
one. But ſuppoſe the globe were made of 
glaſs, then to an eye placed in the center, the 


ſtars which are drawn upon it would appear in 
a concave ſurface, juſt as they do in the hea- 


vens. 
Or if the reader was to ſuppoſe chan holes 


were made in each ſtar, and an eye placed in 
the center of the globe, it would view, through 


thoſe holes, the fame ſtars in the heavens that 
they repreſent. 

As the terreſtrial globe, by turning on it's 
axis, repreſents the real diurnal motion of the 
earth; ſo the celeſtial globe, by turning on it's 
axis, repreſents the apparent diurnal motion of 
the heavens. 

For the ſake of perſpicuity, and to avoid 
continual references, it will be neceſſary to re- 
peat here ſome articles which have been already 
mentioned. | 

The eclipic is that graduated circle which 


croſſes the equator in an angle of ahout 23z de- 
| | | grees, 


— — — — — . — 9 —— 
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grees, and the angle is called the obliquity of 
the ecliptic. 

This circle is divided into twelve equal 
parts, conſiſting of 3o degrees each; the begin- 
nings of them are marked with characters, re- 
preſenting the twelve ſigns. 

Aries V, Taurus 8, Gemini II, Cancer 95, 
Leo Q, Virgo wp, Libra æ, Scorpio m, Sagit- 
tarius 7, Capricornus V, Aquarius , Piſces 
X + | 
Upon my father's globes, juſt under the 
ecliptic, the months, and days of each month, 
are graduated, for the readier fixing the artifi- 
cial ſun upon it's place in the ecliptic. 

The two points where the ecliptic croſſes 
the equinoctial, (the circle that anſwers to the 
equator on the terreſtrial globe) are called the 
equinoctial points ; they are at the beginnings of 
Aries and Libra, and are fo called, becauſe 
when the ſun is in either of them, the day and 
night is every where equal. | 
I) be firſt points of Cancer and Capricorn 

are called ſoſtilial points; becauſe when the ſun 
arrives at either of them, he ſeems to ſtand in 
a manner ſtill for ſeveral days, in reſpect to his 
diſtance from the equinoQial ; when he is in 
one ſolſtitial point, he makes to us the longeſt 
day ; when in the other, the longeſt night. | 

The latitude and longitude of ſtars are de- 
termined from the ecliptic. 

Z 2 The 
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The longitude of the ſtars and planets is 
reckoned upon the ecliptic ; the numbers be- 
ginning at the firſt points of Aries T, where 
the ecliptic croſſes the equator, and increaſing 
according to the order of the ſigns. 

Thus ſuppoſe the ſun to be in the 1oth de- 
gree of Leo, we ſay, his longitude, or place, is 
four ſigns, ten degrees; becauſe he has already 
paſſed the four ſigns, Aries, Taurus, Gemini, 
Cancer, and is ten degrees in the fifth. 

The /a7:itude of the ſtars and planets is de- 
termined by their diſtance from the ecliptic 
upon a ſecondary or great circle paſſing 
through it's poles, ang croſling it at right an- 
gles. | | | 

Twenty-four of theſe circular lines, which 
croſs the ecliptic at right angles, being fifteen 
degrees from each other, are drawn upon the 
furface of our celeſtial globe ; which being pro- 
duced both ways, thoſe on one ſide meet in a 
point on the northern polar circle, and thoſe 

on the other meet in a point on the ſouthern 
polar circle, 
The points determined by the meeting of 
theſe circles are called the poles of the ecliptic, 
one north, the other ſouth. 

From theſe definitions it follows, that lon- 
gitude and latitude, on the celeſtial globe, bear 
juſt the ſame relation to the ecliptic, as they 


Ad on the terreſtrial globe to the equator. 
Thus 
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Thus as the longitude of places on the 
earth is meaſured by degrees upon the equa- 
tor, counting from the firſt meridian; ſo the 
longitude of the heavenly bodies 1s meaſured: 
by degrees upon the ecliptic, counting from 
the firſt point of Aries, 

And as latitude on the earth is meaſured by 

degrees upon the meridian, counting from the 
equator; ſo the latitude of the heavenly bodies 
is meaſured by degrees upon a circle of lon- 
gitude, counting either north or ſouth from 
the ecliptic, 
The /un, therefore, has no latitude, being al- 
ways in the ecliptic; nor do we uſually ſpeak. 
of his longitude, but rather of his place in the 
ecliptic, expreſſing it by ſuch a degree and 
minute of ſuch a ſign, as 5 degrees of Taurus, 
inſtead of 35 degrees of longitude. 

The diſtance of any heavenly body from the 
equinoctial, meaſured upon the meridian, is 
called it's declination. 

Therefore, the ſun's declination, north or 
ſouth, at any time, is the ſame as the latitude 
of any place to which he is then vertical, w hich 
is never more than 234 degrees. 

Therefore all parallels of dzclination on the 
celeſtial globe are the very ſame as aan of 
latitude on the terreſtrial. : 

S. tars may have north latitude and ſouth de- 
clination, and vice verſa. 


. | That 
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That which is called longitude on the ter- 

reſtrial globe, is called right a/cen/ion on the 
- celeſtial ; namely, the ſun or ſtar's diſtance from 
that meridian which paſſes through the firſt 
point of Aries, counted on the equinoctial. 
- Aſtronomers allo ſpeak of o4/ique aſcenſion 
and deſcenſion, by which they mean the diſtance 
of that point of the equinoctial from the firſt 
point of Aries, which in an oblique ſphere riſes 
or ſets, at the ſame time that the ſun or ſtar 
riſes or ſets, 

Aſcenſional difference is the difference be- 
twixt right and oblique aſcenſion. The ſun's 
aſcenſional difference turned into time, is juſt 
fo much as he riſes „ore or after ſix o'clock. 

The celeſtial ſigns and conſtellations on the 
ſurface of the celeſtial globe, are repreſented 
by a variety of human and other figures, to 
which the ſtars that are either in or near them, 
are referred. 

The ſeveral ſyſtems of ſtars, which are ap- 
plicd to thoſe nuages, are called conſtellations. 
Twelve of theſe are repreſented on the ecliptic 
circle, and extend both northward and ſouth- 
ward from it. So many of thoſe ſtars as fall 
within the limits of 8 degrees on both ſides of 
the ecliptic circle, together with ſuch parts of 
their images as are contained within the afore- 
ſaid bounds, conſtitute a kind of broad hoop, 
belt, or girdle, which is called the zodiac. 


The 


- 
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The names and the reſpective characters of 
the twelve ſigns of the ecliptic may be learned 
by inſpection on the ſurface of the broad paper 
circle, and the conſtellations from the globe it= 
ſelf, | 

The zodiac is repreſented by cight circles 
parallel to the ecliptic, on each ſide thereof ; 
theſe circles are one degree diſtant from each 
other, ſo that the whole breadth of the zodiac is 
16 degrees. 

Amongſt theſe an the latitude of the 
planets is reckoned; and in their apparent 
motion they never exceed the limits of the 
Zodiac. | 

On each ſide of the zodiac, as was obſerved, 
other conſtellations are diſtinguiſhed ; thoſe on 
the north ſide are called northern, and thoſe on 
the ſouth ſide of it, ſouthern conſtellations. | 


* 


Or THE PRECEsSION or THE EQUINOXES. 


8 


All the ſtars which compoſe theſe conſtel- 
lations, are ſuppoſed to increaſe their longitude 
continually; upon which ſuppoſition, the whole 
ſtarry firmament has a ſlow motion from weſt 
to eaſt; inſomuch that the firſt ſtar in the con- 
ſtellation of Aries, which appeared in the ver- 
nal interſection of the equator and ecliptic in 
the time of Meton the Athenian, upwards' of 

£4 4 1900 
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1900 years ago, is now removed about 30 de- 
grees from it. 

This change of the ſtars in longitude, which 
has now become ſufficiently apparent, is owing 
to a ſmall retrograde motion of the equinoctial 
points, of about 50 ſeconds in a year, which is 
occaſioned by the attraction of the ſun and 
moon upon the protuberant matter about the 
equator. The ſame cauſe alſo occaſions a ſmall 
deviation in the paralleliſm of the earth's axis, 
by which it is continually directed towards 
different points in the heavens, and makes a 
complete revolution round the ecliptic in about 
25,920 years. The former of theſe motions is 
called the preceſſion of the equinoxes, the latter 
the nutation of the earth's axis. In conſequence 
of this ſhifting of the equinoctial points, an 
alteration has taken place in the ſigns of the 
ecliptic ; thoſe ſtars, which in the infancy of 
aſtronomy were in Aries, being now got into 
Taurus, thoſe of Taurus into Gemini, &c. ; ſo 
that the ſtars which roſe and ſet at any parti- 
cular ſeaſon of the year, in the times of Heſiod, 
Eudoxus, and Virgil, will not at preſent anſwer 
the deſcriptions given of them by thoſe wri- 
ges. 


PRo- 
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ProBLEM I. 


To repreſent the motion of the equinoctial 
points backwards, or in antecedentia, upon the 
celeſtial globe, elevate the north pole ſo that it's 
axis may be perpendicular to the plane of the 


broad paper circle, and the equator will then 
be in the ſame plane; let theſe repreſent the 


ecliptic, and then the poles of the globe will 
alſo repreſent thoſe of the ecliptic ; the ecliptic 
line upon the globe will at the ſame time re- 
preſent the equator, inclined in an angle of 23z 
deprees to the broad paper circle, now called 
the ecliptic, and cutting it in two points, 
which ar called the equinoctial interſections. 

Now if you turn the globe ſlowly round 
upon it's axis from eaſt to weſt, while it is in 
this poſition, theſe points of interſection will 
move round the ſame way ; and the inclination 
of the circle, which in ſhewing this motion re- 
preſents the <quinoctial, will not be altered by 


ſuch a revolution of the interſecting or equi- 


noctial points. This motion is called the pre- 
ceſſion of the equinoxes, becaule it carries the 
equinoctial points back wards amongſt the fixed 
ſtars. 

The poles of the world ſeem to deſcribe a 


circle from caſt to weſt, round the poles of the 


ecliptic, ariſing from the preceſſion of the 
| l equi- 


| 
I 
| 

| 

| 

® 
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equinox. It is a very flow motion, for the equi- 
noctial points take up 72 years to move one 
degree, and therefore they are 25,920 years in 
deſcribing 360 degrees, or completing a revo- 
lution. 

This motion of the poles is eaſily repre- 
ſented by the above-deſcribed poſition of the 
globe, in which, if the reader remembers, the 
broad paper circle repreſents the ecliptic, and 
the axis of the globe being perpendicular there- 
to, reprefents the axis of the ecliptic; and the 
two points, where the circular lines meet, will 
repreſent the poles of the world, whence, as the 
globe is ſlowly turned from eaſt to weſt, theſe 
points will revolve the fame way about the 

pole of the globe, which are here ſuppoſed to 
repreſent the poles of the ecliptic. The axis 
of the world may revolve as above, although it's 
fituation, with reſpect to the ecliptic, be not 
altered ; for the points here ſuppoſed to repre- 
ſent the poles of the world, will always keep 
the fame diſtance from the broad paper circle, 
which repreſents the ecliptic in this ſituation 
of the globe.* | 

From the different degrees of nne in 
the ſtars, ſome appear to be greater than others, 
or nearer to us; on our celeſtial globe they are 
diſtinguiſhed into ſeven different magnitudes. 

OF 


Aa” 


, * Rutherforth's Syſtem of Nat, Philoſ. vol. ii. p. 730. 


* 


OF THE GLOBES. 347 


OTF THE 
USE or Tus CELESTIAL GLOBE, 
IN THE SOLUTION OF 


PROBLEMS iftarrve TO THE SUN. 


VERY thing that relates to the ſun, is of 

ſuch importance to man, that in all things 
he claims a natural preheminence. The ſun is 
at once the moſt beautiful emblem of the Su- 
preme Being, and, under his influence, the 
foſtering parent of worlds; bcing preſent to 
them by his rays, cheering them by his counte- 
nance, cheriſhing them by his heat, adorning 
them at each returning ſpring with the gayeſt 
and richeſt attire, illuminating them with his 
light, and feeding the lamp of life. 

To the ancients he was known under a va- 
riety of names, each characteriſtic of his dif- 
ferent effects ; he was their Hercules, the great 
deiiverer, the reſtorer of light out of darkneſs, 
the diſpenſer of good, continuaily labouring 
for the happineſs of a depraved race. He was 
the Mithra of the Perſians, a word derived 
from love, or mercy, becauſe the whole world 
is cherithed by him, and feels as it were the 
effects of his love. f 

| In 
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In the ſacred ſcriptures, the original ſource 
of all emblematical writings, our Lord is 
called our ſun, and the ſun- of righteouſneſs; 
and as there is but one ſun in the heavens, ſo 


there is but one true God, the maker and re- 


deemer of all things, the light of the under. 
ſtanding, and the life of the ſouf. 

As in ſcripture our God is ſpoken of as a 
ſhield and buckler, ſo the ſun is characterized 
by this mark O, reprefenting a ſhield or 
buckler, the middle point the umbo, or boſs ; 
becauſe it is love, or life, which alone can pro- 
rect from fear and death. 


is celeſtial rays, like thoſe of the ſun, 


take their circuit round the earth; there is no 
corner of it ſo remote as to be without the 
reach of their vivifying and penetrating power. 
As the material light is always ready to run 
it's heavenly race, and daily iſſues forth with 
renewed vigour, like an invincible champion, 
ſtill freſh to labour; ſo likewiſe did our re- 
deeming God rejoice to run his glorious race, 
he excelled in ſtrength, and triumphed, and 
continues to triumph over all the powers of 
darkneſs, and is ever manifeſting himſelf as the 
deliverer, the protect the friend, and father, 
of the human race.“ | 

| Pro- 
Horne on the Pſalms. 
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PROBLEM II. 


To rectiſ the celeſtial globe. 


To rettify the celeſtial globe, is to put it in 
that poſition in which it may repreſent eæactiy 
the apparent motion of the heavens. _ 

In different places, the poſition will vary, 
and that according to the different latitude of 
the places. Therefore, to rectify for any place, 
find firſt, by the terreſtrial globe, the latitude 
of that place. 

The latitude of the place 1 found in 
degrees, elevate the pole of the celeſtial globe 
the ſame number of degrees and minutes above 
the plane of the horizon, for this is the name 
given to the broad paper circle, in the uſe of 
the celeſtial globe. 

Thus the latitude of London being $14 de- 
grees, let the globe be moved till the plane of 
the horizon cuts the meridian in that point. 

The next rectification is for the ſun's place, 
which may be performed as directed in prob. 
xxix; or look for the day of the month cloſe 
under the ecliptic line, againſt which is the 
ſun's place, place the artificial ſun over that 
poinr, then bring the ſun's place to the gra- 
duated edge of the ſtrong brazen meridian, 
and ſet the hour index to the molt elevated 
» twelve. 


Thus 
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Thus on the 24th of May the ſun is in 
gt degrees of Gemini, and is fituated near the 
bull's eye and the ſeven ſtars which are not 

then viſible, on account of his ſuperior light. 
; If the ſun were on that day to ſuffer a total 
eclipſe, theſe ſtars would then be ſeen ſhining 
with their accuſtomed brightneſs. 
Laſtly, ſet the meridian of the coming forth 
and ſouth, by the compaſs. 
And the globe will be rectified, or put into 
a ſimilar poſition, to the concave ſurface of the 
heavens, for the given latitude. 


| PROBLEM III. 
5 79 find the right aſcenſion and declination of the 
— fun for any day. 


Bring the ſun's place in the ecliptic for 
the given day to the meridian, and the degree 
of the meridian directly over it is the ſun's 
declination for that day at noon. The point 
of the equinoctial cut by the meridian, when 
the ſun's place is under it, will be the right 
aſcenſion. | 

Thus April 19, the ue declination is 
11 14 north, his right aſcenſion 27 30. On 
the 1ſt of December the ſun's declination is 
21 54 ſouth, right aſcenſion 247 50. 


P Ro- * 
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PROBLEM IV. 


To find the ſun's oblique aſcenſion and deſeenſion, 


it's eaſtern and weſtern amplitude, and time 
of riſing. and ſetting, on any given time, in 
any given place. 


1. Rectify the globe for the latitude, the 
zenith, and the ſun's place. 2. Bring the 
ſun's place to the eaſtern ſide of the horizon); 
then the number of degrees intercepted be- 
tween a degree of the equinoctial at the hori- 
'zon and the beginning of Aries, is the ſun's 
oblique aſcenfion. 3. The number of degrees 
on the horizon intercepted between the eaſt 
point and the ſun's place, 1s the eaſtern or 
riſing amplitude. 4. The hour ſhewn by the 
index is the time of ſun-riſing. 5. Carry the 
ſun to the weſtern ſide of the horizon, and you 
in the ſame manner obtain the oblique deſcen- 

ſion, weſtern amplitude, and time of ſetting. 
Thus at London, May 1, | 
The ſun's oblique aſcenſion 18» 48 
Faſtern amplitude 24 57N 
Time of riſing - 4h 40m 
Oblique deſcenſion 257 7 
Weſtern amplitude 26 9g 
Time of ſetting 7h 4m 


Pro- 
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PROBLEM v. 
To find the ſun's meridian altilude. 


ReQify the globe for the latitude, zenith, 
and ſun's place; and when the ſun's place is 
in the meridian, the degrees between that 
point and the horizon are it's meridian alti- 
tude. Thus, on May 17, at London, the 
meridian altitude of the ſun is 57% 55". 


PROBLEM VI. 


7 0 find the length of any day in the year, in any 
latitude, not exceeding 66+ degrees. 


Elevate the celeſtial globe to the latitude, 
and ſet the center of the artificial ſun to his 


place upon the ecliptic line on the globe for 


the given day, and bring it's center to the 
ſtrong braſs meridian, placing the horary in- 


dex to that XII which is moſt elevated; then 


turn the globe till the artificial ſun cuts the 
eaſtern edge of the horizon, and the horary 
index will ſhew the time of ſun-riſing ; turn it 
to the weſtern ſide, and you obtain the hour of 
ſun-ſetting. 

The length of the day and Ir will be 


obtained by doubling the time of ſun-riſing 


and — as before. 


Pro- 


* 
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PROBLEM VII. 


To find the length of the longeſt and ſhorteſt 
days in any latitude that does not exceed 66 
degrees. 


Elevate the globe according to the latitude, 
and place the center of the artificial ſun for the 


longeſt day upon the firſt point of Cancer, but 
ſor the ſhorteſt day upon the firſt point of Ca- 


pricorn ; then proceed as in the laſt problem. 
But if the place hath ſouth. latitude, the 
ſun is in the firſt point of Capricorn on their 
longeſt day, and in the firſt point of Cancer 
on their ſhorteſt day. 3 


PROBLEM III. 


To find the latitude of a place, in which it's 
 . longeſt day may be of any given length be- 


tween twelve and twenty-four hours. 


Set the artificial ſun to the firſt point of 
Cancer, bring it's center to the ſtrong braſs 


- meridian, and ſet the horary index to XII; 


turn the globe till it points to half the number 


of the given hours and minutes; then elevate 
or depreſs the pole till the artificial ſun eoin- 


cides with the horizon, and that elevation of 
the pole is the een N 
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PROBLEM IX. 


To find the time of the ſun's riſing and ſetting, 
the length of the day and night, on any place 
whoſe latitude lies between the polar circles; 
and alſo the length of the ſhorteſt day in any 

of thoſe latitudes, and in what climate they 


are. 


Rectify the globe to the latitude of the 
given place, and bring the artificial ſun to his 
place in the ecliptic for the given day of the 
month; and then bring it's center under the 
ſtrong braſs meridian, and ſet the horary index 
to that XII which is moſt elevated. 

Then bring the center of the artificial ſun 
to the eaſtern part of the broad paper circle, 
,which in this caſe repreſents the horizon, and 
mM the horary index ſhews the time of the ſun- 


; ba "riſing; turn the artificial ſun to the weſtern. 


fide, and the horary index will ew the time 
of the ſun-ſetting. 

Double the time of ſun-riſing is the length 
of the night, and the double of that of ſun- 
ſetting is the length of the day. 

Thus, on the 5th day of June, the ſun riſes 
at 3 h. 40 min. and ſets at 8 h. 20 min.; by 
doubling each number it will appear, that the 
length of this day is 16 h. 40 min. ls that of 


the night 7 h. 20 min. 
The 
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The longeſt day at all places in north lati- 


tude, is when the ſun is in the W OO of 
Cancer. And, 

The longeſt day to thoſe in ſouth latitude, 
is when the ſun is in the firſt point of Capri- 
corn. | | 

Wherefore, the globe being rectified as- 
above, and the artificial ſun placed to the firſt 
point of Cancer, and brought to the eaſtern 
edge of the broad paper circle, and the horary 
index being ſet to that XII which is moſt ele- 
vated, on turning the globe from eaſt to weſt, 
until the artificial ſun coincides with the weſ- 
tern edge, the number of hours counted, which 


are paſſed over by the horary index, is the 


length of the longeſt day ; their complement 
to twenty-four hours gives the length of the 
ſhorteſt night. 

If twelve hours be ſubtracted from the length 
of the longeſt day, and the femaining hours 
doubled, you obtain the climate mentioned by 


ancient hiſtorians; and if you take half the 


climate, and add thereto twelve hours, you 
obtain the length of the longeſt day in that 


climate. This holds good for every climate 


between the polar circles. 

A climate is a ſpace upon the Pe "Hl of 
the earth, contained between two parallels of 
latitude, ſo far diſtant from each 9 that 

A a 2 the 


— — 2 — — —— oe dns * — — 
P = - w * 
1 1 . — * — 
—— — 5 — q - = perl 


11 
1 
1 
1 
BS 
: 
8 6 
1 


— ”» 


356 DESCRIPTION AND USE 


; the longeſt day in one, differs half an hots 
from the longeſt day in the Wh parallel. 


PropLin x. 


The latitude "of « a place being given in one of the 
polar circles, (ſuppoſe the northern) to find 
what number of days (of 24. hours each) the 

fun doth conſtanily ſhine upon the ame, how 
long be is abſent, and io the jr and laſt * 
' of his appearance. 


Having rectified the globe according to 
| is latitude, turn it about until ſome point in 
the firſt quadrant of the ecliptic (becauſe the 

latitude is north) interſetts the meridian in 
the north point of the horizon; and right 
againſt that point of the ecliptic, on the ho- 

rizon, ſtands the day of the month when the 
3 longeſt day begins. 
And if the globe be turned about till ſome 
eint in the ſecond quadrant of the ecliptic 
cuts the meridian in the ſame point of the ho- 
rizon, it will ſhew the ſun's place when the 
longeſt day ends, whence the day of the month 
may be found, as before; then the number of 
natural days contained between the times the 
longeſt day begins and ends, is — length. of 

the longeſt day required. h 


Again, turn the globe about, until ſome 
: 7 | point 
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point in the third quadrant of the ecliptic cuts 
the meridian in the ſouth part of the horizon; 
that point of the ecliptic will give the time : 
when the longeſt night begins. | | 
Laſtly, turn the globe about, until ſome 
point in the fourth quadrant of the ecliptic 
cuts the meridian in the ſouth point of the ho- 
rizon ; and that point of the ecliptic will be 
the place of the ſun WOOL: the longeſt night 
ends. | 
Or, the time when the © longed day or night 
begins being known, their end may be found 
by counting the number of days from that - 
time to the ſucceeding ſolſtice; then counting 
the ſame number of days from the ſolititial 
day, will give the time when it ends, 


Or Tut EQuaTION or T1ME. 


It is not poſſible, in a treatiſe of this kind, 
to enter into a diſquiſition of the nature of 
time. It is ſufficieht to obſerve, that if we 
would with exactneſs eſtimate the quantity of 
any portion of infinite duration, or convey an 
idea of the ſame to others, we make uſe of 
ſuch known meaſures as have been originally 
borrowed from the motions of the heavenly 
bodies. It is true, none of theſe motions are 
N equal and uniform, but are ſubject to 

Aag | - ſome 


— ä—— DIES ——— — nn es 


958 DESCRIPTION AND USE 
ſome ſmall irregularities, which, though of no 
conſequence in the affairs of civil life, muſt be 
taken into the account in aſtronomical calcu- 
lations. There are other irregularities of more 
importance, one.of which is in the Inequality 
of the natural day. a 
It is a confi deration that cannot be re- 
flected upon without ſurprize, that wherever 
we look for commenſurabilities and equalities 
in nature, we are always diſappointed. The 
earth is ſpherical, but not perfectly ſo; the 
ſummer is unequal, when compared with the 
winter; the ecliptic diſagrees with the equator, 
and never cuts it twice in the ſame equinoctial 
point. The orbit of the earth has an eccen- 
tricity more than double in proportion to the 
ſpheroidity of it's globe; no number of the re- 
volutions of the moon coincide with any num- 
ber of the revolutions of the earth in it's or- 
bit; no two of the planets meaſure one another: 
and thus it is wherever we rn our thoughts, 
ſo different are the views of the Creator from 
our narrow conception of things; where we 
look for commenſuration, we find variety and 
infinity. DE 
Thus ancient aſtronomers looked upon the 
motion of the ſun to be ſufficiently regular for 
the menſuration of time; but, by the accurate 
obſervations of later aſtronomers, it is found 
that 
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that neither the days, nor even the hours, as 
meaſured by the ſun's apparent motion, are of 
an equal length, on two accounts. 

1ſt, A natural or ſolar day of 24 hours, is 
that ſpace of time the ſun takes up in paſling 
from any particular meridian to the ſame 
again; but one revolution of the earth, with 
reſpect toa fixed ſtar, is performed in 23 hours, 
56 minutes, 4 ſeconds; therefore the unequal 
progreſſion of the earth through her elliptical 
orbit, (as ſhe takes almoſt eight days more to 
run through the northern half of the ecliptic, 
than ſhe does to paſs through the ſouthern} 
is the reaſon that the length of the day is not 
exactly equal to the time in which the earth 
performs it's rotation about it's axis. 

2dly, From the obliquity of the ecliptic to 
the equator, on which laſt we. meaſure time; 
and as equal portions of one do not correſpond , 
to equal portions of the other, the apparent 
motion of the ſufl Would not be uniform; or, 
in other words, thoſe points of the equator 
which come to the meridian, with the place of 
the ſun on different days, would not be at 
equal diſtances from each other. ; 
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> PROBLEM XI. 


To illuſtrate, by the globe, ſo much of the equation 
of time. as is in conſequence of the ſun's ap- 
Parent mot ion in the . 


Bring every tenth degree of the ecliptic to 
the graduated ſide of the ſtrong braſs meridian, 
and you will find that each tenth degree on the 


equator will not come thither with it; but in 


the following order from Y to 95, every tenth 
degree of the ecliptic comes ſooner to the 
ſtrong braſs meridian than their correſponding 


tenths on the equator; thoſe in the ſecond 


quadrant of the ecliptic, from S to , come 
later, from == to Vp ſooner, and from y to 
Aries later, whilſt thoſe at the beginning of 


each quadrant come to the meridian at the 


ſame time; therefore the ſun and cloek would 
be equal at theſe four times, if the ſun was not 
longer in paſſing through one half of the ecliptic 


than the other, and the two inequalities joined 


together, compoſe that difference which is 
called the equation of time. 
_ Theſe cauſes are independent of each other, 


ſometimes they agree, and at other times are 


contrary to one another. 
The inequality of the natural day is the 
cauſe that clocks or watches are ſometimes be- 


| fore, ſometimes behind the ſun, 
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A good and well- regulated clock goes uni- 
formly on throughout the year, ſo as to mark 
the equal hours of a natural day, of a mean 
length; a ſun-dial marks the hours of every 
day in ſuch a manner, that every hour is a 24th 
part of the time between the noon of that day, 
and the noon of the day immediately follow- 
ing. The time meaſured by a clock is called 
equal or true time, that meatured: by the ſun- 
dial * time. \\ | 


Tur Usz or Tur CELESTIAL GLoBE, IN Prq- 
BLEMS RELATIVE TO THE FIXED STARS. 


The uſe of the celeſtial globe is in no in- 
ſtance more conſpicuous, than in the problems 
concerning the fixed ſtars. Among many other 
advantages, it will, if joined with obſervations 
on the ſtars themſelves, render the practice and 
theory of other problems eaſy and clear to the 
pupil, and vaſtly facilitate his progreſs in aſtro- 
nomical knowledge. 

The heavens are as much ſtudded over with 
ſtars in the day, as in the night; only they 
are then rendered inviſible to us by the bright- 
neſs of the ſolar rays. But when this glorious 
luminary deſcends below the horizon, they be- 
gin gradually to appear; when the ſun is about 
twelve degrees below the horizon, ſtars of the 
firſt magnitude become viſible; when he is 
thirteen. 
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thirteen degrees, thoſe of the ſecond are ſeen; 


when fourteen degrees, thoſe of the third mag- 


nitude appear; when fifteen degrees, thoſe of 
the fourth preſent themſelves to view; when he 
is deſcended about eightcen degrees, the ſtars 
of the fifth and ſixth magnitude, and thoſe that 
are ſtill ſmaller, . become conſpicuous, and the 
azure arch ſparkles with all it's glory. 


PROBLEM XII. 


To find the right aſcenſion and declination of any 
's given fler. 


Bring the given ſtar to the meridian, and 


the degree under which it lies is it's decli- 
nation; and the point in which the meridian 
interſects the equinoctial is it's right aſcenſion, 


Thus the right aſcenſion of Sirius is 99?, it's 
declination 16 25' ſouth; the right aſcenſion 
of Arcturus is 2110 325 it's declination 200% 
20'n orth. 

The declination is uſed to find the latitude 
of places; the right aſcenſion is uſed to find the 
timeat which a ſtar or planet comes to the me- 


ridian; to find at any given time how long it 


will be before any celeſtial body comes to the 
meridian; to determine in what order thoſe 
bodies paſs the meridian ; and to make a cata- 
logue of the fixed ſtars. : 


Pros» 
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PROBLEM X111, 


To find the latitude and longitude of a given 


- flar. 


Bring the pole of the ecliptic to the meri- 
dian, over which fix the quadrant of altitude, 
and, holding the globe very ſteady, move the 
quadrant to lie over the given ſtar, and the de- 
gree on the quadrant cut by the ſtar, is it's la- 
titude; the degree of the ecliptic cut at the 


ſame time by the quadrant, is the COT of 


the Hae... 

Thus the latitude of ArZurus is 30? 30“; 
it's longitude 209 20' of Libra: the latitude of 
Capella is 229 22' m—_ it's longitude 182 8˙ 
of Gemini. 

The latitude and . of ſtars is uſed 
ro fix preciſely their place on the globe, to 
refer planets and comets to the ſtars, and, 
laſtly, to determine whether they have any mo- 
tion, whether any ſtars vaniſh, or new ones ap- 


pear. 
PROBLEM X1v. 


The right aſcenſion and declination of a ſlar 
being given, to find it's place on the globe. 


Turn the globe till the meridian cuts the 


einen in the degree of right aſcenſion. 
Thus, 


| 


* 
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̃hus, for example, ſuppoſe the right aſcenſion 
of Aldebaran to be 65 30, and it's declination 
to be 16 north, then turn the globe about till 
the meridian cuts the equinoctial in 65 3o, 
and under the 16* of the meridian, on the 
northern part, you will obſerve the ſtar Alde- 
baran, or the bull's eye. 


ProBLEM xv. 


To find at what hour any 1 5 paſſes the 
1 meridian, at any given day. 


Find the ſun's place for that day in the 
ecliptic, and bring it to the ſtrong braſs meri- 
dian, ſet the horary index to XII o'clock, then 

turn the globe till the ſtar comes to the meri- 

dian, and the index will mark the time. Thus 

on the 15th of Auguft, Lyra comes to the me- 

ridian at 45 min. paſt VIII in the evening. On 

| the 14th of September the brighteſt of the 
i Pleiades will be on the meridian at IV in the 


moting. 


oy 

| | 

1 
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| This problem is uſeful for directing when 
i to look for any ſtar on the meridian, in order to 
'. find the latitude of a place, to adjuſt a clock, 
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PROBLEM XVE. 


To find on what day a given ſtar will come to the 
meridian, at any given hour. 


Bring the given ſtar to the meridian, and 
ſet the index to the propoſed hour; then turn 
the globe till the index points to XII at noon, 
and obſerve the degree of the ecliptic then ar 
the meridian ; this is the ſun's place, the day 
anſwering to which may be found on the. calen- 
dar of the broad paper circle. | 

By knowing whether the hour be in the 
morning or afternoon, it will be eaſy to per- 
ceive which way to turn the globe, that the 
proper XII may be pointed to; the globe muſt 
be turned towards the weſt, if the given hour be 
in the morning, towards the eaſt if it be after- 
Noon. | | 
Thus Arcturus will be on the meridian at 
III in the morning on March the 5th, and Cor 
Leonis at VIII in the evening on April the 21ſt. 


PROBLEM XVII. 


To repreſent the face of the heavens on the globe 
for a given bour on any day of the year, and 
learn to diſtinguiſb the viſible fixed ftars. | 
Rectify the globe to the given latitude of 
the place and day of the month, ſetting it due 
| . north 
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north and ſouth by the needle; then turn the 
globe on it's axis till the index points to the 
given hour of the night; then all the upper 
* hemiſphere of the globe will repreſent the vi- 
fible face of the heavens for that time, by 
which it will be eaſily ſeen what conſtellations 
and ſtars of note are then above our horizon, 
and what poſition they have with reſpect to the 
points of the compaſs. In this caſe, ſuppoſing 
the eye was placed in the center of the globe, 
and holes were pierced through the centers of 
the ſtars on it's ſurface, the eye would perceive 
through thoſe holes the various correſponding 
ſtars in the firmament; and hence it would be 
- eaſy to know the various conſtellations at ſight, 
and to be able to call all the ſtars by their 
names. | 
 _ Obſerve ſome ſtar that you know, as one of 
the pointers in the Great Bear, or Sirius ; find 
the ſame on the globe, and take notice of the 
- poſition of the contiguous ſtars in the ſame or 
an adjoining conſtellation ; direct your ſight to 
the heavens, and you will ſee thoſe ſtars in the 
ſame ſituation.. Thus you may proceed from one 
conſtellation to another, till you are acquainted 
with moſt of the principal ſtars. 

For example: the ſituation of the ſtars at 
London on the gth of February, at 2 min. paſt 
IX in the evening, is as follows. 


Sirius, o or the Des; is on the meridian, 
it's 
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it's altitude 22: Procyon, or the little Dog-ſtar, 


16 towards the eaſt, it's altitude 434: about 24 
above this laſt, and ſomething more towards 


the eaſt, are the twins, Caſtor and Pollux: S. 6 b 


E. and 35 in height, is the bright ſtar Regulus, 
or Cor Leonis ; exactly in the eaſt and 220 high, 
is the ſtar Deneb Alaſed in the Lion's tail: 30% 
from the eaſt towards the north Arcturus is 
about 30 above the horizon: directly over Arc- 
turus, and 31% above the horizon, is Cor Caroli: 
in the north-eaſt are the ſtars in the extremity 
of the Great Bear's tail, Aleath the firſt ſtar in 
the tail, and Dubhe the northernmoſt pointer in 
the ſame conſtellation ; the altitude of the firſt 
of theſe is 302, that of the ſecond 419, and that 
of the third 562. | 
“Reckoning weſtward, we ſee the beauti- 


ful conſtellation Orion; the middle ſtar of the 


three in his belt, is S. 20% W. it's altitude 359: 


nine degrees below the belt, and a little more 


to the weſt, is Rigel the bright ſtar in his heel : 
above his belt in a ſtrait line drawn from Rigel 
between the middle and moſt northward in his 


belt, and 9® above it, is the bright ſtar in his 


ſhoulder : S. 49 W. and 45 above the horizon, 
is Aldebaran the ſouthern eye of the Bull: a 
little to the weſt of Aldebaran, are the Hyades : 
the ſame altitude, and about S. 709 W. are the 
Pleiades: in the W. by S. point is Capella in 


Auriga, it's altitude 736: in the north-weſt, and 


about 
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about 42 high, is the conſtellation Caſſiopeia: 


and almoſt in the north, near the non, is 
the conſtellation Cygnus.““ 


PROBLEM XVIEL. 


To trace the circles of the ſphere in tbe farry 


firmament. 


I ſhall ſolve this problem for the time of 
the autumnal equinox ; becauſe that interſec- 
tion of the equator and ecliptic will be directly 
under the depreſſed part of the meridian about 
midnight; and then the oppoſite interſection 
will be elevated above the horizon; and alſo 

= becauſe our firſt meridian upon the terreſtrial 
globe paſſing through London, and the firſt 
point of Aries, when both globes are rectified 
to the latitude of London, and to the ſun's 
place, and the firſt point of Aries is brought 
under the graduated ſide of each of their meri- 
dians, we ſhall have the correſponding face of 
the heavens and the earth repreſented; as they 
are with reſpect to each other at that time, and 
the principal circles of each ſphere will cor- 
reſpond with each other. 

The horizon is then diſtinguiſhed, if we 
begin from the north and count weſtward, by 
the following conſtellations; the hounds and 


waiſt of Bootes, the northern crown, the head 
of 
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of Hercules, the ſhoulders of Serpentarius, and 
Sobieſki's ſhield; it paſſes a little below the 


feet of Antinous, and through thoſe of Capri- 


corn, through the Sculptor's frame, Eridanus, 
the ſtar Rigel in Orion's foot, the head of Mo- 


noceros, the Crab, the head of the Little Lion, 
and lower part of the Great Bear. 


The. meridian is then repreſented by the 
equinoctial colure, which paſſes through the 
| ſtarmarked3 in the tail of the Little Bear, under 
the north pole, the pole ſtar, one of the ſtars in 
the back of Caſſiopeia's chair marked g, the 
head of Andromeda, the bright ſtar in the 
' wing of Pegaſus marked , and the extremity 
of the tail of the Whale. | 

That part of the equator which is then above 
the horizon, is diſtinguiſhed on the weſtern ſide 


by the northern part of Sobieſki's ſhield, the 


ſhoulder of Antinous, the head and veſſel of 
Aquarius, the belly of the weſtern fiſh in Piſces; 


It paſſes through the head of the Whale, and a 


bright ſtar marked ò in the corner of his mouth, 


and thence through the ſtar marked à in the 


belt of Orion, at that time neur the eaſtern fide 
of the horizon. 

That half of the ecliptic which is then 
above the horizon, if we begin from the welſ- 


tern fide, preſents to our view Capricornus, 


Aquarius, Piſces, Aries, Taurus, Gemini, and 
2 125 of the conſtellation Cancer. 
8 The 


* 
———————————————————— — ach 


4 „ 
* 


» 


* _— 
| 4 Ir © PO —̃ — —rñ . oi: — — — 
- 6 - * — 
— 8 2 r 3 — 
——— - pre * 
— < _ 7 — as — 
of 2 . q — 9 Ae — 
— « oS — — — — 


— + 


— — —— - 4 OR » 
— 1 * 
gs — 
— - 4 


. 


370 - DESCRIPTION AND USE 


The ſolſtitial colure, from the weſtern ſide, 
paſſes through Cerberus, and the hand of Her- 
cules, thence by the weſtern ſide of the con- 
ſtellation Lyra, and through the Dragon's 


head and body, through the pole peint under 
the polar ſtar, to the eaſt of Auriga, through 
the ſtar marked y in the foot of Caſtor, and 


through the hand and elbow of Orion. 

The northern polar circle, from that part 
of the meridian under the elevated pole, ad- 
vancing towards the weſt, paſſes through the 
ſhoulder of the Great Bear, thence a little to the 
north of the ſtar marked a in the Dragon's tail, 
the great knot of the Dragon, the middle of the 
body of Cepheus, the northern part of Caſſiopeia, 
and baſe of her throne, through Cameloparda- 
lus, and the head of the Great Bear. 

The tropic of Cancer, from the weſtern 
edge of the horizon, paſſes under the arm of 
Hercules, under the Vulture, through the Gooſe 
and Fox, which is under the beak and wing of 
the Swan, under the ſtar called Sheat, marked 3 
in Pegaſus, under the head of Andromeda, and 
through the ftar marked © in thè fiſh of the 
conſtellation Piſces, above the bright ſtar in the 
head of the Ram marked a, through the Pleiades, 
between the horns of the Bull, and through a 
group of ſtars at the foot of Caſtor, thence 
above a {tar marked 5, between Caſtor and Pol- 


lux, and ſo through a part of the conſtellation 
Cancer, 


— 
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Cancer, where it diſappears by paſſing under 
the eaſtern part of the horizon. 

The tropic of Capricorn, from the weſtern 
ſide of the horizon, paſſes through the belly, 
and under the tail of Capricorn, thence under 
Aquarius, through a ſtar in Eridanus marked 
e, thence under the belly of the Whale, through 
the baſe of the Chemical Furnace, whence it 
goes under the Hare at the feet of Orion, * 

there depreſſed under the horizon. 
| The ſouthern polar circle is inviſible to 
the inhabitants of London, » being under our 
horizon, 


Ardlic and antarctic rircles, or circles of perpe- 
tual apparition and occultation. 


The largeſt parallel of latitude on the ter- 
reſtrial globe, as well as the largeſt circle of 
declination on the celeſtial, that appears entire 

above the horizon of any place in north lati- 
tude, was called by the ancients the arctic cir- 
cle, or circle of perpetual apparition. _ 

Between the arctic circle and the north pole 
in the celeſtial ſphere, are contained all thoſe 
ſtars which never ſet at that place, and ſeem to 
us, by the rotative motion of the earth, to be 
perpetually carried round above our horizon, 
in circles parallel to the equator. \, 

The largeſt parallel of latitude on the ter- 

| Bb2 reftrial, 
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reſtrial, and the largeſt parallel of declination 
on the celeſtial globe, which is entirely hid be- 
low the horizon of any place, was by the an- 
cients called the antarctic circle, or circle of 
perpetual occultation. 

This circle includes all the ſtars which 
never riſe in that place to an inhabitant of the 
northern hemiſphere, but are perpetually below 
the horizon. | 

All arctic circles touch their horizons in 
the north point, and all antarctic circles touch 
their horizons in the ſouth point ; which point, 
in the terreſtrial and celeſtial ſpheres, is the in- 
terſection of the meridian and horizon. 

If the elevation of the pole be 45 degrees, 
the moſt elevated part either of the arctic or 
antarctic circle will be in the zenith of the 
place. | 

If the pole's elevation be leſs than 45 de- 
grees, the zenith point of thoſe places will fall 
without it's arctic or antarctic circle; if greater, 
it will fall within. 

Therefore, the nearer any place is to the 
equator, the leſs will it's arctic and antarctic 
circles be; and on the contrary, the farther any 
place is from the equator, the greater they are. 

So that, | | | | 

At the poles, the equator may be con- 


ſidered as both an arctic and antarctic circle, 
| becauſe 
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becauſe it's plane is coincident with that of the 
„ 

But at the equator (that is, in a right 
ſphere) there is neither arctic nor antarctic 
circle. | 
They who live under the northern polar 
circle, have the tropic of Cancer for their aro- 
tic, and that of Capricorn for their antarctic 
circle. | 

And they who live on either tropic, have 
one of the polar circles for their arctic, and the 
other for their antar<tic circle. 

Hence, whether theſe circles fall within or 
without the tropics, their diſtance from the ze- 
nith of any place is ever equal to the differ- 
ence between the pole's elevation, and that of 
the equator, above the horizon of that place. 
From what has been ſaid, it is plain there 

may be as many arctic and antarctic circles, as 
there are individual points upon any one meri- 
dian, between the north and ſouth poles of the 
earth. 

Many authors have miſtaken theſe mutable 
circles, and have given their names to the im- 
mutable polar circles, which laſt are arctic and 
antarctic circles, in one particular caſe only, as 


has been ſhewn. 
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PROBLEM XIX. 


To find the circle, or parallel of perpetual appa- 
rition, or occultation of a fixed flar, in a given 
latitude. 


By rectifying the globe to the latitude of 
the place, and turning it round on it's axis, it 
will be immediately evident, that the circle of 
perpetual apparition is that parallel of declina- 
tion which is equal to the complement of the 
given latitude northward ; and for the perpe- 
tual occultation, it is the ſame parallel ſouth- 

ward; that is to ſay, in other words, all thoſe 
_ ſtars, whoſe declinations exceed the co-latitude, 
will always be. viſible, or above the horizon; 
and all thoſe in the oppoſite hemiſphere, whoſe 
declination exceeds the co-latitude, never riſe 
above the horizon. 

For inſtance; in the latitude of London 51 
deg. 30 min. whoſe co-latitude is 38 deg. 30 
min. gives the parallels deſired; for all thoſe 
ſtars which are within the circle, towards the 
north pole, never deſcend below our horizon; 
and all thoſe ſtars which are within the ſame 
circle, about the ſouth pole, can never be ſeen 
in the latitude of London, as they never aſcend 
above it's horizon, 
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Or PROBLEMS RELATING TO THE AZIMUTH, &c. 
OF THE SUN AND STARS, 


ProBLEM xXx. 


The lalitude of the place and the ſur's place being 
given, to find the ſun's amplitude. 


That degree from eaſt or weſt in the horizon, 
wherein any object riſes or ſets, is called the am- 
Alitude. 

Rectify the globe, abt bring the ſun's place 
to the eaſtern ſide of the meridian, and the 
arch of the horizon intercepted between that 
point and the eaſtern point, will be the ſun's 
amplitude at riſing. . 

If the ſame point be brought to the weſtern 
ſide of the horizon, the arch of the horizon 
intercepted between that point and the weſtern 
point, will be the ſun's amplitude at ſetting. 
Thus on the 24th of May the ſun riſes at 
four, with 36 degrees of eaſtern amplitude, that 
is, 36 degrees from the caſt towards the north, 
and ſets at eight, with 36 degrees of weſtern 
amplitude. 

The amplitude of the on at riſing and ſet- 
ting increaſes with the latitude of the place: 
and in very high northern latitudes, the ſun, 


ſcarce ſets before he riſes again, Homer hag 
Bb4 heard 
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heard ſomething of this, though it is not true 
of the Læſtrygones, to whom he applies it. 


Six days and nights a doubtful courſe we ſteer; 
The next, proud Lamos' lofty towers appear, 
And Lzſtrygonia's gates ariſe diſtin in air. 
The ſhepherd quitting here at night the plain, 
Calls, to ſucceed his cares, the watchful ſwain. 
But he that ſcorns the chains of ſleep to wear, 
And adds the herdſman's to the ſhepherd's care, 


So near the paſtures, and ſo ſhort the way, Ty 
His double toils may claim a double pay, 
And join the labours of the night and day. 


PROBLEM XXI. 


To find the ſun's altilude at any given time of the 
day. 5 


Set the center of the artificial ſun to bis 
place in the ecliptic upon the globe, and rec- 
tify it to the latitude and zenith; bring the 
center of the artificial ſun under the ſtrong 
braſs meridian, and ſet the hour index to that 
XII which is moſt elevated; turn the globe to 
the given hour, and move the graduated edge 
of the quadrant to the center-of the artificial 
ſun; and that degree on the quadrant, which is 
cut by the ſun's center, is the ſun's ae at 
that time. 

The artificial ſun being brought under the 


ſtrong braſs meridian, and the quadrant laid 
upon 
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upon it's center, will ſhew it's meridian, or 
greateſt altitude, for that day. 

If the ſun be in the equator, his greateſt or 
meridian altitude is equal to the elevation of 
the equator, which is always equal to the co- 
latitude of the place, 

Thus on the 24th of May, at nine o'clock, 
the ſun has 44 deg. altitude, and at fix in the 
afternoon 20 deg. 


Or THE AZIMUTHAL OR VERTICAL CIRCLES, 


The vertical point, that is, the uppermoſt 

point of the celeſtial globe, repreſents a point 
in the heavens, directly over our heads, which 
is called our zenith. 

From this point circular lines may be con- 
ceived croſſing the horizon at right angles. 

Theſe are called azimuth or vertical circles. 
That one which croſſes the horizon at 10 deg. 
diſtance from the meridian on either fide, is 
called an azimuth circle of 10 deg.; that 
which croſſes at 20, is called an azimuth of 
20 deg. 

The azimuth of go deg. is called the prime 
vertical: it croſſes the horizon at the eaſtern 
and weſtern points. 

Any azimuth circle may be repreſented by 
1 graduated edge of the braſs quadrant of 
altitude, 
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altitude, when the center upon which it turns 
is ſcrewed to that point of the ſtrong braſs me- 
ridian which anſwers to the latitude of the 
place, and the place is brought into the zenith. 

If the ſaid graduated edge ſhould lie over 
the ſun's center or place, at any given time, 
it will repreſent the fun's azimuth at that 
time. 

If the graduated edge be fixed at any point, 
ſo as to repreſent any particular azimuth, and 
the ſun's place be brought there, the horary 
index will ſhew at what time of that day the 
K will be in that particular azimuth. 

Here it may be obſerved, that the amplitude 
and azimuth are much the ſame, 

The amplitude ſhewing the bearing of any 
object when it riſes or fets, from the eaſt and 
weſt points of the horizon. 

Ihe azimuth the bearing of any object when 
It is above the horizon, either from the north or 
fouth points thereof. Theſe deſcriptions and 
illuſtrations being underſtood, we may proceed 
5 | 


PRo- 
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PROBLEM XXII. 


To find at what time the ſun is due eaſt, the day 
and the latitude being given. 


Rectify the globe; then if the latitude and 
declination are of one kind, bring the quadrant 
of altitude to the caſtern point of the horizon, 
and the ſun's place to the edge of the qua- 

drant, and the index will ſhew the hour. 

If the latitude and declination are of dif- 
ferent kinds, bring the quadrant to the weftern 

point of the horizon, and the point in the 
ecliptic oppoſite to the ſun's place to the edge 
of the quadrant, and then the index will ſhew 
the hour. | 

You will eaſily comprehend the reaſon of 
the foregoing diſtinction, becauſe when the 
ſun is in the equinoctial, it riſes due eaſt ; but 
when it is in that part of the ecliptic which is 
towards the elevated. pole, it riſes before it is 
in the eaſtern vertical circle, and is therefore 
at that time above the horizon : whereas when 
it is in the other part of the ecliptic, it paſſes 
the eaſtern prime vertical before it riſes, that is 
below the horizon; whence it is evident, that 
the oppoſite point of the ecliptic muſt then be 
in the weſt, and above the horizon. The ſun 
is due eaſt at London at 7 h. 6 min. on the 18th 
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of May. The ſecond of Auguſt, at Cape Horn, 
the ſun is due eaſt at 5 h. 10 min. 
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PROBLEM xxIII. 

To find the riſing, ſetting, and culminating of a 
far, it's continuance above the horizon, and 
#*s oblique aſcenſion and deſcenſion, and alſo 

it's eaſtern and weſiern amplitude, for any 
given day and place. 
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1. Rectify the globe to the latitude and ze- 
nith, bring the ſun's place for the day to the 
meridian, and ſet the hour index to XII. 2. 
Bring the ſtar to the eaſtern ſide of the horizon, 
and it's eaſtern amplitude, oblique aſcenſion, 
and time of riſing, will be found as taught of 
the ſun. 3. Carry the ſtar to the weſtern ſide 
of the horizon; and in the ſame manner it's 
weſtern amplitude, oblique deſcenſion, and 
time of ſetting, will be found. 4. The time 
of riſing, ſubtracted from that of ſetting, leaves 
the continuance of the ſtar above the horizon. 
5. This remainder, fubtracted from 24 hours, 
gives the time of it's continuance below the 
horizon. 6. The hour to which the index 
points, when the ſtar comes to the meridian, is 
the time of it's culminating or being on the 
meridian. 

Let the given Ws be March 14, the place 

London, 
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London, the ſtar Sirius; by working the pro- 
blem, you will find 


It riſes at = 2 h. 24 m. afternoon. 
Culminates at 5 
Sets at = "It 40 


| Is above the horizon 9g 6 


It's oblique aſcenſion and deſcenſion are 


120? 47', and 77* 157 it's ee 27, ſouth- 
ward. 


PROBLEM XXIV. 


The latitude, the altitude of the 8UN by day, or 
of a STAR by night, being given, to find the 
hour of the day, and the ſun's or b S A i- 
mul h. 


Redify the labs for the latitude, the ze- 
nith, and the ſun's place, turn the globe and 
the quadrant of altitude, ſo that the ſun's place, 
or the given ſtar, may cut the given degree of 
altitude, the index will ſhew the hour, and the 
quadrant will be the azimuth in the horizon. 


Thus on the 21ſt of Auguſt, at London, 
when the ſun's altitude is 36* in the forenoon, 


the hour is IX, and the azimuth 355 from the 
ſouth, 

At Boſton, December 8th, when Rigel had 
15” of altitude, the hour was VIII, the azi- 
muth S. E. by E. 79. 

Pro- 
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PROBLEM xxv. 


The latitude and bour of the day being given, o 
find the altitude and azimuth of the ſun, or 


of a ſlar. 


ReRify the globe for the latitude, the ze- 
nith, and the ſun's place, then the number of 
degrees contained betwixt the ſun's place and 
the vertex is the ſun's meridional zenith diſ- 
rance ; the complement of which to go deg. is 
the ſun's meridian altitude; If you turn the 
globe about until the index points to any other 
given hour, then bringing the quadrant of al- 
titude to cut the ſun's place, you will have the 
ſun's altitude at that hour; and where the 
quadrant cuts the horizon, is the ſun's azi- 
muth at the ſame time. Thus May the iſt, at 
London, the ſun's meridian altitude will be 
531 deg.; and at 10 o'clock in the morning, 
the ſun's altitude will be 46 deg. and his azi- 
muth about 44 deg. from the ſouth part of the 
meridian. On the 2d of December, at Rome, 
at five in the morning, the altitude of Capella 
is 41 deg. 58 min, it's azimuth 60 deg. 50 min. 
from N. to W. 
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PROBLEM XXVI. 


The latitude of the place, and the day of the 
month being given, to find the depreſſion of 
the ſun below the horizon, and the azimuth, 
at any hour of the night. 


Having rectified the globe for the latitude, 
the zenith, and the ſun's place, take a point in 
the ecliptic exactly oppoſite to the ſun's place, 
and find the ſun's altitude and azimuth, as by 
the laſt problem, and theſe will be the depreſ- 
ſion and the altitude required. | 

Thus if the time given be the 1ſt of No- 
vember, at 10 o'clock at night, the depreſſion. 
and azimuth will be the ſame as was found in 
the laſt problem. 


PROBLEM XXVII. 


The latitude, the ſun's place, and his azimuth 
being given, 10 find bis altilude, and the hour. 


Rectify the globe for the latitude, the ze- 
nith, and the ſun's place; then put the qua- 
drant of altitude to the ſun's azimuth in the 
horizon, and turn the globe till the ſun's place 
meets the edge of the quadrant; then the ſaid 
edge will ſhew the altitude, and the index 
Point to the hour. 

"2 May 21ft, at Pando when the fun 
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is due caſt, his altitude will be about 24 deg. 
and the hour about VII in the morning ; and 
when his azimuth is 60 degrees ſouth-weſterly, 
the altitude will be about 444 degrees, and the 
hour I1z in the afternoon. 

Thus the latitude and the day heli known, 
and having beſides either the altitude, the azi- 
muth, or the hour, the other two may be eaſily 
found. 


PROBLEM XXVIII. 


| The latitude of the place, and the azimuth of 
the ſun or of a ſtar being given, to find the 
omg of the day or night. 


Rectify the globe for the latitude and ſun's 
place, and bring the quadrant of altitude to the 
given azimuth in the horizon; turn the globe 
till the ſun or ſtar comes to the quadrant, and 
the index will ſhew the time. November p, at 
Gibraltar, given the ſun's azimuth 550 degrees 
from the ſouth towards the eaſt, the time you 
will find to be half paſt VIII in the morning. 
Given the azimuth of Vega at London, 57 deg. 
from the north towards the eaſt, February the 
8th, the time you will find twenty minutes paſt 

II in the morning. 
But as it may poſſibly happen that we may 
ſee a ſtar, and would be glad to know what ſtar 


it is, or whether it may not we a new ſtar, or a 
comet; 
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comet; how that may be diſcovered, will be 
ſeen under the following | 


PROBLEM XXIX. 


The latitude of the place, the ſun's place, the 
hour of the night, and the altitude and azi- 
muh of any ſtar os. given, to find the 


Aar. 


Rectify the globe for the latitude of the 
place, and the ſun's place; fix the quadrant of 
altitude in the zenith, and turn the globe till 
the hour index points to the given hour, and ſet 
the quadrant of altitude to the given azimuth z 
then the ſtar that cuts the quadrant in the 
given altitude, will be the ſtar ſoughr. 

Though two ſtars, that have different right 
aſcenſions, will not come to the meridian at the 


_ ſame time, yet it is poſſible that in a certain 


latitude they may come to the ſame vertical 
circle at the ſame time; and that conſideration 
gives the following | 


PROBLEM xxx. 


The latitude of the place, the ſun's place, and two 


flars, that have the ſame azimuth, beg given, 
40 find the hour of the night. 


Rectify the globe for the Jatitude, the ze- 
nith, and the ſun's place; then turn the globe, 
Cc and 


- 
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and alſo the quadrant about, till both the ſtars 
coincide with it's edge; the hour index will 
ſhew the hour of the night, and the place where 
the quadrant cuts the horizon will be the com- 
mon azimuth of both ſtars. 

On the 15th of March, at London, the ſtar 
Betelgeule, in the ſhoulder of Orion, and Regel, 
in the heel of Orion, were obſerved to have the 
ſame azimuth; on working the problem, you 
will find the time to be 8 hours 47 minutes. 

What hath been obſerved above, of two 
ſtars that have the ſame azimuth, will hold 
good likewiſe of two ſtars that have the ſame 
altitude; from whence we have the following 


PROBLEM XXXI. 
The latitude of the place, the ſun's place, and dvs 
ftars, that have the ſame altitude, being given, 
to find the hour of the night. | 


Rectify the globe for the latitude of the 
place, the zenith, and the ſun's place; turn the 
globe, ſo that the ſame degree on the quadrant 
ſhall cut both ſtars, then the hour index will 

thew the hour of the night. | 
In the former propoſitions, the latitude of 
the place is ſuppoſed to be given, or known; 
but as it is frequently neceſſary to find the lati- 
tude of the place, eſpecially at ſea, how this 
may he found, in a rude manner at leaſt, hav- 
3 4 ing 
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ing the time given by a good clock, or watch, 
will be ſeen in the following 


PROBLEM XxxII. 

The ſun's place, the hour of the night; and tw6 
flars, that have the ſame azimutb, or alti- 
tude, being given; to find the latitude of the 
place. | 


Rectify the globe for the ſun's place; and 
turn it till the index points to the given hour 
of the night ; kcep the globe from turning, and 
move it up and down in the notches; till the 
two given flars have the ſame azimuth, or al- 


titude; then the braſs meridian will ſhew the 


height of the pole, and conſequently the lati- 
tude of the place. 


PROBLEM xxxIII. 
Two flars being given, one on the meridian, and 


the other on the eaſt and weſt part of the ho- 
rizon, io find the latitude of the place. 


Bring the ſtar obſetved on the meridian td 
the meridian of the globe; then keeping the 
globe from turning round it's axis; flide the 
meridian up or down in the notches, till the 
other ſtar is brought to the eaſt ot welt part of 
the horizon, and that elevation of the pole will 
be the latitude of the place fought. 


Cc 2 OBSER=- 
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OB$SERVATION. 


From what hath been ſaid, it appears, that 
of theſe five things, 1. the latitude of the place; 
2. the ſun's place in the ecliptic ; 3. the 
hour of the night; 4. the common azimuth of 
two known fixed ſtars; 5. the equal altitude of 
two known fixed ſtars; any hree of them being 
given, the remaining .= will eaſily be found. 
There are three forts of riſings and ſettings 
of the fixed ſtars, taken notice of by ancient 
authors, and commonly called poet ial riſings and 
- ſettings, becauſe moſtly taken notice of by the 
poets. | 
Theſe are the coft mical, acbronical and helia- 
cal.* | 
They are to be found in moſt authors that 
treat on the doctrine of the ſphere, and are now 
chiefly uſeful in comparing and underſtanding 
__ paſſages in the ancient writers; ſuch are Heſiod, 
Virgil, Columella, Ovid, Pliny, &c. How they 
are to be found by calculation, may be ſeen in 
Petavius's Uranologion, and Dr. Gregory's 
Aſtronomy. | | 


| DerixttION. 
W "BR far viſes or ſets at fun- riſi ing, it is ſaid 


ta riſe or fet COSMIECALLY. 
From whence we ſhall have the following 
PRo- 


C Collard '« Hiſtory of Aftrogomy. 
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PROBLEM xxxIV. 


The latitude of the place being given, to find, by 
the globe, the time of the year when a given 
far riſes or ſets coſmically, 


Let the given place be Rome, whoſe lati- 
tude is 42 deg. 8 min. north; and let the given 
ſtar be the Lucida Pleiadum. Rectify the globe 
for the latitude of the place; bring the ſtar to 
the edge of the eaſtern horizon, and mark the 
point of the ecliptic riſing along with it; that 
will be found to be Taurus, 18 deg. oppoſite to 
which, on the horizon, will be found May the 
sth. The Lucida Pleiadum, therefore, riſes 
coſmically May the 8th. | 
If the globe continues rectified as before, 
and the Lucida Pleiadum be brought to the 
cdge of the weſtern horizon, the point of the 
ecliptic, which is the ſun's place, then riſing 
on the eaſtern ſide of the horizon, will be Scor- 
pio, 29 deg. oppoſite to which, on the horizon, 
will be found November the 21ſt. The Lu- 
cida Pleiadum, therefore, ſets coſmically No- 
vember the 21ſt, 

In the ſame manner, in the latitude of Lon- 
don, Sirius will be found to riſe coſmically 
Auguſt the 1oth, and to ſet coſmically No- 
vember the 10th. 

It is of the coſmical ſetting of the Pleiades, 

| e that 
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that Virgil is to be underſtood in this line, 
Ante tibi E 0 Atlanti des abſcondantur, 


and not of their fetting i in the eaſt, as ſome have 
imagined, where ſtars riſe, but never ſet. 


Derin1TION. 
ben a flar riſes or ſets at ſun 1 it is 
faid to riſe or ſel ACHRONICALLY. 
Hence, likewiſe, we have the following 


PROBLEM XXXV. 
The latitude of the place being given, to find the 
time of the year when a given far will riſe or 
ſet achronically. | T' 
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Let the given place be Athens, whoſe lati- 
tude is 37 deg. north, and let the given ſtar be 
Arcturus. 

Rectify the globe for the latitude of the 
place, and bringing Arcturus to the eaſtern fide 
of the horizon, mark the point of the ecliptic 

- then ſetting on the weſtern fide; that will be 
found Aries, 12 deg. oppoſite to which, on the 
horizon, will be found April the 2d. There- 
fore Arcturus riſes at Athens achronically April 
the 2d. 

It is of this riſing of Arcturus that Heſiod 
ſpeaks in his Opera & Dies. f 

When from the ſolſtice ſixty wint'ry days 
Their turns have finiſh'd, mark, with glitt' ring rays, 


From ocean's ſacred flood, Arcturus riſe E 
Then firſt to gud the duſky evening ſkies. 
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If the globe continues rectified to the lati- 
tude of the place, as before, and Arcturus be 
brought to the weſtern ſide of the horizon, the 
point of the ecliptic ſetting along with it will 

be Sagittary, 7 deg. oppoſite to which, on the 
horizon, will be found November the 29th. 
At Athens, therefore, Arcturus ſets achroni- 


cally November the 29th. 


In the ſame manner Aldebaran, or the Bull's 


eye, will be found to riſe achronically May the 
22d, and to ſet achronically December the 


Igth. 


DeriniTION. 


When a flar firſt becomes viſible in a morning, 


afler it hath been fo near the ſun as to be hid 
by the ſplendor of his 8 5 it is ſaid to riſe 
HELTACALLY, | 


But for this there is required ſome certain 


_ depreſſion of the ſun below the horizon, more 
or leſs according to the magnitude of the ſtar, 
A ſtar of the firſt magnitude is commonly ſup- 
poſed to require that the ſun be depreſſed 12 
deg. perpendicularly below the horizon. 

This being premiſed, we have the fol- 
lowing | 
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PROBLEM XXxXVI. 


T he latitude. of the place being given, to find the 
time of the. year when a given flar will riſe 
beliacally. 


Let the given place be Rome, whoſe lati- 
tude is 42 deg. north, and let the given ſtar be 
the bright ſtar in the Bull's horn. 

Rectify the globe for the latitude of the 
place, ſcrew on the braſs quadrant of altitude 
in it's zenith, and turn it to the weſtern fide of 
the horizon. Bring the ſtar to the eaſtern ſide 


of the horizon, and mark what degree of the 
* ecliptic is cut by 12 deg. marked on the qua- 


drant of altitude; that will be found to be Ca- 
pricorn, 3 deg. the point oppoſite to which is 
Cancer,'3 deg. and oppoſite to this will be found 
on the horizon, June 25th. The bright ſtar, 
therefore, in the Bull's horn, in the latitude of 
Rome, riſes heliacally June the 25th. 

Theſe kinds of riſings and ſettings are not 
only mentioned by the poets, but likewiſe by 
the ancient phyſicians and hiſtorians. 

Thus Hippocrates, in his book De re, 


. ſays, © One ought to obſerve the heliacal riſings 


and ſettings of the ſtars, eſpecially the Dog-/tar, 
and Arfurus; likewiſe the co/mical ſetting of 

the Pleiades. 
And PT On ſpeaking of the loſs of the 
Roman 
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Roman fleet, in the firſt Punic war, ſays, It 
was not ſo much owing to fortune, as to the 
obſtinacy of the conſuls, in not hearkening to 
their pilots, who diſſuaded them from putting 
to ſea, at that ſeaſon of the year, which was 
between the riſing of Orion and the Dog-ſtar; 
it being always dangerous, and ſubject to 
ſtorms.“ “ 


DerinITION. 


When a ſtar is firſt immerſed in the evening, or 
hid by the ſun's rays, it is ſaid to ſet HELI- 
CALLY. 


And this again is ſaid to be, when a ſtar of 
the firſt magnitude comes within twelve de- 
grees of the ſun, reckoned in the perpendi- 
cular. 

Hence again we have the following 


PROBLEM xxxvII. 


The latitude of the place being given, to find the 
time of the year when a given ſtar ſets heli- 
acally. 


Let the given place be Rome, in latitude 

42 deg. north, and let the given ſtar be the 

bright ſtar in the Bull's horn. Rectify the globe 

for the latitude of the place, and bring the ſlar 

| to 
Lib. i. p. 53. 
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to the edge oNthd weſtern horizon; turn the 
quadrant of altitude, till 12 deg. cut the ecliptic 
on the eaſtern ſide of the meridian. This will be 
found to be 7 deg. of Sagittary, the point oppo- 
fite to which, in the ecliptic, is 7 deg. of Ge- 
mini ; and oppoſite to that, on the horizon, is 
May the 28th, the time of the year when that 
ſets heliacally in the latitude of Rome. 


Or THE CORRESPONDENCE OF THE CELESTIAL 
AND IT ERRESTRIAL SPHERES, * 


That the reader may thoroughly underſtand 


what is meant by the correſpondence between 


the two ſpheres, let him imagine the celeſtial 
globe to be delineated upon glaſs, or any other 


_ tranſparent matter, which ſhall inveſt or ſur- 


round the terreſtrial globe, but in ſuch a man- 
ner, that either may be turned about upon the 
poles of the globe, while the other remains 
fixed ; and ſuppoſe the firſt point of Aries, on 
the inveſting globe, to be placed on the firſt 
point of Arics on the terreſtrial globe, (which 
Point is in the meridian of London) then every 
ſtar in the celeſtial ſphere will be directly over 
thoſe places ro which it is a correſpondent. 
Fach ſtar will then have the degree of it's right 
aſcenſion directly upon the correſponding de- 
gree of terreſtrial longitude; their declination 

will 

* Adams's Treatiſe on the Globes. 
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will alſo be the ſame with the latitude of the 


places to which they anſwer ; or, in other words, 
when the declination of a ſtar is equal to the la- 
titude of a place, ſuch ſtar, within the ſpace of 
24 hours, will paſs vertically over that place, 
and all others that have the ſame latitude. 

If we conceive the celeſtial inveſting globe 
to be fixed, and the terreſtrial globe to be gra- 
dually turned from welt to eaſt, it is clear, that 
as the meridian of London paſſes from one de- 
gree to another under the inveſting ſphere, 
every ſtar in the celeſtial ſphere becomes cor- 
reſpondent to another place upon the earth, and 
ſo on, until the earth has completed one diur- 
nal revolution; or till all the ſtars, by their ap- 
parent daily motion, have paſſed over every 
meridian of the terreſtrial globe. From this 
view of the ſubject, an amazing variety, uniting 
in wonderful and aſtoniſhing harmony, pre- 
ſents itſelf to the attentive reader; and future 


ages will find it difficult to inveſtigate the rea- : 


| ſons that ſhould induce the preſent race of 
aſtronomers to neglect a ſubject ſo highly in- 
tereſting to ſcience, even in a practical view, 
but which in theory would lead them into 
more ſublime ſpeculations, than any that ever 
yet preſented themſelves to their minds. 


A GENERAL 
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+ | | 
A GENERAL DESCRIPTION OF THE PASSAGE oF 
THE STAR MARKED Y IN THE HEAD Or The 


ConsTELLATION Draco, ovER THE Pa- 
RALLEL OF LONDON. ; | 


The ſtar , in the head of the conſtellation 
Draco, having 51 deg. 32 min. north declina- 
tion, equal to the latitude of London, is the 


> correſpondent ſtar thereto. To find the places 


which it paſſes over, bring London to the gra- 
duated fide of the braſs meridian, and you will 
find that the degree of the meridian over Lon- 


don, and the repreſentative of the ſtar, paſſes 


over from London, the road to Briſtol, croſſes 
the Severn, the Briſtol channel, the counties of 
Cork and Kerry in Ireland, the north part of 
the Atlantic ocean, the ſtreights of Belleiſle, 
New Britain, the north part of the province of 
Canada, New South Wales, the ſouthern part of 
Kamfſchatka, thence over different Tartarian 
nations, ſeveral provinces of Ruſſia, over Po- 
land, part of Germany, the ſouthern part of 
the United Provinces, when, croſſing the ſea, 

it arrives again at the meridian of London. 
When the ſaid flar, or any other ſtar, is on 
the meridian of London, or any other meri- 
dian, all other ſtars, according to their declina- 
tion and right aſcenſion, and difference of right 
aſcenſion, (which anſwers to terreſtrial latitude, 
longitude, 
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longitude, and difference of longitude) will at 
the ſame time be on ſuch meridians, and ver- 
tical to ſuch places as correſpond in latitude, 
longitude, and difference of longitude, with the 
declination, &c. of the reſpective ſtars.* 

From the ſtars, therefore, thus conſidered, 
we attain a copious field of geographical know- 
ledge, and may gain a clear idea of the propor- 
tionable diſtances, and real bearings, of remote 
empires, kingdoms, and provinces, from our 
own zenith, at the ſame inſtant of time; which 
may be found in the ſame manner as we found 
the place to which the ſun was vertical at any 
propoſed time. 7 

Many inſtances of this mode of attaining 
geographical knowledge, may be found in my 
father's treatiſe on the globes. 


Or Tae Us or The CELESTIAL GLoBE, IN 
PROBLEMS RELATIVE TO THE PLANETS. 


The ſituation of the fixed ſtars being always 
the ſame with reſpect to one another, the 
have their proper places aſſigned to them on 


the globe. | 
But to the planets ho certain place can be 


aſſigned, their ſituation always varying. 


"OMG ſpace in the heavens, within the com- 


paſs 


* Fairman's Geography. 


ogy 


. 
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paſs of which the planets appear, is ny the 
Zodiac. 
The latitude of the planets ſcarce ever ex- 
ceeding 8 degrees, the zodiac is ſaid to reach 
about 8 degrees on each ſide the ecliptic. | 
VU pon the celeſtial globe, on each ſide of the 
ecliptic, are drawn eight parallel circles, at the 
diſtance of one degree from each other, in- 
cluding a ſpace of 16 degrees; theſe are croſſed 
at right angles, with ſegments of great circles 
at every 5th degree of the ecliptic; by theſe, 
the place of a planet on the globe, on any given 
day, may be aſcertained with accuracy. 


— — — ——'ʒ᷑ AWW JF I 


PROBLEM XXXVIII. 


To find the place of any planet u pon the globe, and 
by that means to find it's place in the heavens; 
alſo, io find at what hour any planet will riſe 
or ſet, or be on : the meridian, on any day in the 


year. 


Rectiſy the globe to the latitude and ſun's 
place, then find the planet's longitude and lati- 
tude in an ephemeris, and ſet the graduated 
edge of the moveable meridian to the given 
longitude in the ecliptic, and counting ſo many 
degrees amongſt the parallels in the zodiac, 
either above or below the ecliptic, as her lati- 
tude 1s north or ſouth ; and ſer the center of the 

arth- 
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artificial ſun to that point, and the center will 
repreſent the place of the planet for that time. 

Or fix the quadrant of altitude over the 
pole of the ecliptic, and holding the globe faſt, 
bring the edge of the quadrant to cut the given 
degree of longitude on the ecliptic ; then ſeek 
the given latitude on the quadrant, and the 
place under it is the point ſought. 

While the globe moves about it's axis, this 
point moving along with it will repreſent the 
Planet's motion in the heavens. If the planet 
be brought to the eaſtern ſide of the horizon, 
the horary index will ſhew the time of it's 
riſing. If the artificial ſun is above the hori- 
zon, the planet will not be vitible : when the 
planet is under the ſtrong brazen meridian, the 
hour index ſhews the time it will be on that 
circle in the heavens: when it is at the weſtern 
edge, the time of it's ſetting will be obtained. 


PROBLEM XXX1X. 


To find direttly the planets which are above the 
Horizon at ſun-ſet, upon any groen day and 
latitude. 


Find the ſun's place for th: given day, 
bring it to the meridian, ſet the hour index to 
XII, and elevate the pole for the given lati- 
tude: then bring the place of the ſun to the 


weſtern ſemicircle of the horizon, and obſerve 
what 


ephemeris for that month, and you will at once 
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what ſigns are in that part of the ecliptic 
above the horizon, then caſt your eye upon the 


ſee what planets poſſeſs any of thoſe elevated 
ſigns ; for ſuch will be viſible, and fit for ob- 
ſervation on the night of that day. 


PROBLEM XI. 


To find the right aſcenſion, declination, amplitude, 
 aztmuth, altitude, hour of the night, &c. of 
any given planet, for a day of a month and la- 
titude given. 


Rectify the globe for the given latitude 
and day of the month; then find the planet's 
place, as before directed, and then the right 
aſcenſion, declination, amplitude, ' azimuth, 
altitude, hour, &c. are all found, as directed in 
the problems for the ſun ; there being no dit- 
ference in the proceſs, no repetition can be 
nn 


Ox Tae UsE or Tat CELESTIAL GoB, IN 
PROBLEMS RELATIVE TO THE MooN. 


From the ſun and planets we now proceed 
to thoſe probkms that concern the moon, the 
brilliant fatelite of our earth, which every 
month enrich it with it's preſence ; by the 


; mildneſs of it“ * ſoftening the darkneſs of 


night; 
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night ; by it's influence affecting the tide; and 


by the variety of it's aſpects, offering to our 
view ſome very remarkable phenomena. 


« Soon as the ev'ning ſhades prevail, 

'The moon takes up the wond”rous tale ; 
And nightly to the liſt'ning earth, 

Repeats the ſtory of her birth : 

Whilſt all the ſtars that round her burn, 
And all the planets in their turn, 
Confirm the tidings as they roll, 

And ſpread the truth from pole to pole.” 


As the orbit of the moon is conſtantly vary- 
ing in it's poſition, and the place of the node 
always changing, as her motion is even vari- 
able in every part of her orbit, the ſolutions 
of the problems which relate to her, are not 
altogether ſo ſimple as thoſe which concern the 
ſun. | 

The moon increaſes her longitude in the 
ecliptic every day, about 13 degrees, rominutes, 
by which means ſhe croſſes the meridian of 


any place about 50 minutes later than ſhe did 


the preceding day. 

Thus if on any day at noon her place (lon- 
gitude) be in the 22th degree of Taurus, it will 
be 13 deg. 10 min. more, or 25 deg. 10 min. 


in Taurus on the ſucceeding noon. 


It is new moon when the ſun and moon 
D d | have 
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have the ſame longitude, or are in or near the 
fame point of the ecliptic. 

When they have oppoſite longitudes, or or are 
in oppoſite points of the ecliptic, it is Do 
moon. | | 

To aſcertain the moon's place with accu- 
racy, we muſt recur to an ephemeris; but as 
even in moſt ephemerides the moon's place is 

only ſhewn at the beginning of each day, or 
XII o'clock at noon, it becomes neceſſary to 
ſupply by a table this deficiency, and aſſign - 
thereby her place for any intermediate time. 
| In the nautical ephemeris, publiſhed under 
the authority of the Board of Longitude, we 
bave the moon's place for noon and midnight, 
with rules for accurately obtaining any inter- 
.- mediate time; but as this ephemeris may not 
always be at hand, we ſhall inſert, from Mr. 
Martin's treatiſe on the globes, a table for find- 
ing the hourly motion of the moon. In order, 
however, to uſe this table, it will be neceſſary 
firſt 4 find the quantity of the moon's diurnal motion 
in the ecliptic, for any given day ; for the quan- 
tity of the moon's diurnal motion varies from 
abour 11 deg. 46 min. the leaſt, to 15 deg. ol 
min. when greateſt. 
The following tables are calculated from 
the leaſt of 11 deg. 46 min. to the greateſt of 
15 deg. 16 min. every column increaſing 10 


minutes; upon the top of the column is the 
quantity 


— —— N rr — 
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quantity of the diurnal motion, and on the ſide 
of the table are the 24 hours, by which means 
it will be eaſy to find what part of the diurnal 
motion of the moon anſwers to any given num- 
ber of hours. ä 
Thus ſuppoſe the diurnal motion to be 120 
32', look on the top column for the number 
neareſt to it, which you will find to be 122 36, 
in the ſixth column; and under it, againſt 9g 
hours, you will find 4 deg. 43 min. which is 
her motion in the ecliptic in the ſpace of g 
hours for that day. The quantity of the diur- 
nal motion for any day is found by taking the 
difference between it and the preceding day. | 
Thus let the diurnal motion for the 11th 


of May, 1787, be required. 


| | SIGNS, DEG, MIN. 
On the 11th of May her place was 11 2 35 
On the 1oth of Maß 10 19 47 


The diurnal motion ſought 12 48 


Dd2 _ TABLES 
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TAL" 


For FINDING THE HoukLy MoTION OF THE 
Moon, AND THEREBY HER TRUE PLACE 
AT Any TIME or THE Day. 
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The moon's path may be repreſented on the 
globe in a very pleaſing manner, by tying a 
ſilken line over the ſurface of the globe exactly 
on the ecliptic ; then finding, by an ephemeris, 
the place of the nodes for the given time, con- 
fine the ſilk at theſe two points, and at go de- 
grees diſtance from them elevate the line 
about 51 deg. from the ecliptic, and depreſs it 
as much on the other, and it will then repre- 
ſent the lunar orbit for that day. 


PROBLEM XII. 


| i To find the moon's place in the ecliptic, for any 
given hour of the day. 


Firſt without an ephemeris, only knowing 
the age of the moon, which may be obtained 
from every common almanack. 

Elevate the north pole of the celeſtial globe 
to go degrees, and then the equator will be in 
the plane of, and coincide with the broad paper 
circle; bring the firſt point of Aries, marked 
Fon the globe, to the day of the new moon 
on the ſaid broad paper circle, which anſwers 
to the ſun's place for that day; and the day of 

the moon's age will ſtand againſt the ſign and 
degree of the moon's mean place; to which 
place apply a ſmall patch ro repreſent the 
moon, | 

But 
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But if you are provided with an ephemeris,* 
that will give the moon's latitude and place in 
the ecliptic ; firſt note her place in the ecliptic 
upon the globe, and then counting ſo many de- 
grees amongſt the parallels in the zodiac, either 
above or below the ecliptic, as her latitude is 
north or ſouth upon the given day, and that 
will be the point which repreſents the true 
place of the moon for that time, to which ap- 
Ply the artificial ſun, or a ſmall patch. 

Thus on the 11th of May, 1787, ſhe was 
at noon in 2 deg. 35 min. of Piſces, and her 
latitude was 4 deg. 18 min.; but as her diurnal 
motion for that day is 12 48 in nine hours, 
ſhe will have paſſed over 4 deg. 47 min. which 
added to her place at noon, gives 7 h. 22 min. 
for her place on the 11th of May, at nine at 
night. | 


PROBLEM XIII. 


To find the moon's declination for any given day 
or hour. 


The place in her orbit being found, by 
prob. xli, bring it to the brazen meridian ; then 
the arch of the meridian contained between 
it and the equinoctial, will be the declination 
ſought. 


Dd4 | Pro- 


The nautical almanack is the beſt Engliſh ephemeris. 
8 
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_ PROBLEM XLIII. 


To find the moon's greateſt , and leaft meridian 
altitudes in any given TR that of e 
For example. 


It is evident, this can happen only when 
the aſcending node of the moon is in the vernal 
equinox ; for then her greateſt meridian alti- 
tude will be 5 deg. greater than that of the ſun, 
and therefore about 67 deg.; alſo her leaſt 
meridian altitude will be 5 deg. leſs than that 
of the ſun, and therefore only 10 deg.: there 
will therefore be 57 deg. difference in the me- 
ridian altitude of the moon; whereas that of 
the ſun is but 47 deg. 

N. B. When the ſame aſcending node is in 
the autumnal equinox, then will her meridian 
altitude differ by only 37 deg.; but this pheno- 
menon can ſeparately happen but once in the 
revolution of a node, or once in the ſpace of 
Nineteen years: and it will be a pleaſant enter- 
tainment to place the ſilken line to croſs the 
ecliptic in the equinoctial points alternately; 
for then the reaſon will more evidently appear, 
why you obſerve the moon ſometimes within 
23 deg. of our zenith, and at other times not 
more than 10 deg. above the horizon, when ſhe 
is full ſouth. 


Pro- 
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PROBLEM XLIV. 


To nn kreie, by the globe, the phenomenon of i he 
harveſt moon. 


About the time of the autumnal equinox, 
when the moon is at or near the full, ſhe is ob- 
ſerved to riſe almoſt at the ſame time for ſeveral 
nights together ; and this phenomenon is called 
the harveſi moon. 

This circumſtance, with which farmers 
were better acquainted than aſtronomers, till 
within theſe few years, they gratefully aſcribed 
to the goodneſs of God, not doubting that he 
had ordered it on purpoſe to give them an im- 
mediate ſupply of moon-light after ſun-ſet, 
for their greater convenience in ee the 
fruits of the earth. | 

In this inſtance of the harveſt moon, as in 
many others diſcoverable by aſtronomy, the 

wiſdom and beneficence of the Deity is con- 
ſpicuous, who really ſo ordered the courſe of 
the moon, as to beftow more or leſs light on 
all parts of the earth, as their ſeveral circum- 
ſtances and ſeaſons render it more or leſs ſer- 
viceable.“ | 

About the equator, whew there 1s no variety 
of ſeaſons, moon-light is not neceſſary for ga- 
thering in the e of the ground; and 


there 
* Ferguſon's Ane 
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there the moon riſes about 50 minutes later 
every day or night than on the former. At 
conſiderable diſtances from the equator, where 
the weather and ſeaſons are more uncertain, 
the autumnal full moons riſe at ſun-ſet from 
the firſt to the third quarter. At the poles, 
where the ſun is for half a year abſent, the 
winter full moons ſhine conſtantly without ſet- 
ting, from the firſt to the third quarter. 

But this obſervation 1s ſtill further con- 
firmed, when we conſider that this appearance 
is only peculiar with reſpect to the full moon, 
from which only the farmer can derive'any ad- 
vantage; for in every other month, as well as the 
three autumnal ones, the moon, for ſeveral days 
together, will vary the time of it's riſing very 
little; but then in the autumnal months this 
happens about the time when the moon is at 
the full ; in the vernal months, about the time 
of new mcon; in the winter months, about the 
time of the firſt quarter; and in the ſummer 
months, about the time of the laſt quarter. 

Theſe phenomena depend upon the diffe- 
rent angles made by the horizon, and different 
parts of the moon's orbit, and that the moon 
can be full but once or twice ina year, in thoſe 
parts of her orbit which riſe with the leaſt 
angles. ; | 


The moon's motion is ſo nearly in the 
ecliptic, 


OF THE GLOBES. 4 


ecliptic, that we may conſider her at preſent 
as moving in it. | 

The different parts of the ecliptic, on ac- 
count of it's obliquity to the earth's axis, make 
very different angles with the horizon as they 
riſe or ſet. Thoſe parts, or ſigns, which riſe 
with the ſmalleſt angles, ſet with the greateſt, 
and vice verſa. In equal times, whenever this 
angle is leaſt, a greater portion of the ecliptic 
riſes, than when the angle 1s larger. 

This may be ſeen by elevating the globe to 
any conſiderable latitude, and then turning it 
round it's axis in the horizon, 

When the moon, therefore, is in thoſe ſigns 
which riſe or ſet with the ſmalleſt angles, ſhe 
will riſe or ſet with the leaſt difference of time; 
and with the greateſt difference in thoſe ſigns 
which riſe or ſet with the greateſt angles. 

Thus in the latitude of London, at the time 
of the vernal equinox, when the ſun is ſetting 
in the weſtern part of the horizon, the ecliptic 
then makes an angle of 62 deg. with the hori- 
20n; but when the ſun is in the autumnal equi- 
nox, and ſetting in the ſame weſtern part of the 
horizon, the ecliptic makes an angle but of 15 
_ deg. with the horizon; all which is evident by 
a bare inſpection of the globe only. 

Again, according to the greater or leſs in- 
clination of the ecliptic to the horizon, ſo a 
greater or leſs degree of. motion of the globe 

about 
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about it's axis will be neceſſary to cauſe the 
ſame arch of the ecliptic to paſs through the 
horizon; and conſequently the time of it's 
paſſage will be greater or leſs, in the ſame pro- 
portion; but this will be beſt illuſtrated by an 
example. 
Therefore, ene the ſun in the vernal 5 
equinox, rectify the globe for the latitude of 
London, and the place of the ſun; then bring 
the vernal equinox, or ſun's place, to the 
weſtern edge of the horizon, and the hour index 
will point preciſely to VI; at which time, we 
will alſo ſuppoſe the moon to be in the au- 
tumnal equinox, and conſequently at full, and 
riſing exactly at the time of ſun- ſet. 
But on the following day, the ſun, being 
advanced ſcarcely one degree in the ecliptic, 
will ſet again very nearly at the ſame time as 
before ; but the moon will, at a mean rate, in 
the ſpace of one day, paſs over 13 deg. in her 
orbit; and therefore, when the ſun ſets in the 
evening after the equinox, the moon will be 
below the horizon, and the globe muſt be 
turned about till 13 deg. of Libra come up to 
the edge of the horizon, and then the index 
will point to 7 h. 16 min. the time of the moon's 
riſing, which is an hour and quarter after ſun- 
ſet for dark night. The next day following 
there will be 24 hours, and ſo on ſucceſſively, 


with an —— of 11 hour dark night each 
| evening 
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evening reſpectively, at this ſeaſon of the year; 
all owing to the very great angle which the 
ecliptic makes with the horizon at the time of 
the moon's riſing. 

On the other hand, ſuppoſe the ſun in the 
autumnal equinox, or beginning of Libra, and 
the moon oppoſite to it in the vernal equinox, 
then the globe (rectified as before) being turned 
about till the ſun's place comes to the weſtern 
edge of the horizon, the index will point to VI, 
for the time of the ſetting, and the riſing of 
the full moon on that equinoctial day. On the 
following day, the ſun will ſet nearly at the 
ſame time; but the moon being advanced (in 
the 24 hours) 13 deg. in the ecliptic, the globe 
muſt be turned about till that arch of the eclip- 
tic ſhall aſcend the horizon, which motion of 


the globe will be very little, as the ecliptic now 
8 makes ſo ſmall an angle with the horizon, as 


is evident by the index, which now points to 
Ib. 15 min. for the time of the moon's riſing 
on the ſecond day, which is about a quarter of 
an hour after ſun- ſet. The third day, the 
moon will rife within half an hour; on the 
fourth, within three quarters of an hour, and 
ſo an; ſo that it will be near a week before the 
nights will be an hour without illumination; 
and in greater latitudes this difference will be 
ſtill greater, as you will caſily find by varying 
| N qv the 
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the caſe, in the practice of this celebrated pro- 
blem, on the globe. | 
This phenomenon varies in different __ ; 
the moon's orbit being inclined to the ecliptic 
about five degrees, and the line of the nodes 
continually moving retrograde, the inclination 
of herorbit to the equator will be greater at ſome 
ſeaſons than it is at others, which prevents her 
haſtening to the northward, or . deſcending 
ſouthward, in each revolution, with an equal 
pace. | | 


PROBLEM XLV. 


To find what azimuth the moon is upon at any 
place when it is flood, or high water; and 
" thence the high tide for any day * the moon's 
age at the ſame place. 


Having obſerved the hour and minute of 
high water, about the time of new or full moon, 
rectify the globe to the latitude and ſun's place; 
find the moon's place and latitude in an ephe- 
meris, to which ſet the artificial moon,“ and 
ſcrew the quadrant of altitude in the zenith; 
turn the globe till the horary index points to 
the time of flood, and lay the quadrant over the 
center of the artificial moon, and it will cut the 


horizon in the point of the compaſs upon 
which 


* Or patch repreſenting the moon. 
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which the moon was, and the degrees on the 
horizon contained between the. ſtrong braſs 
meridian and the quadrant, will be the moon's 


azimuth from the ſouth. 


To find the time of high water at the ſame place. 


Rectify the globe to the latitude and zenith, 
find the moon's place by an ephemeris for the 
given day of her age, or day of the month, and 
ſet the artificial moon to that place in the zo. 
diac ; put the quadrant of altitude to the azi- 
muth before found, and turn the globe till the 
artificial moon is under it's graduated edge, 
and the horary index will point to the time of 
the day on which it will be high water. 


* 


Tux Usk or THe CELESTIAL GLOBE IN The / 
| SoLuTION Or PROBLEMS ASCERTAINING THE 
PLActs AND VISIBLE MoTions ok ORBITS 


» or Cours.“ 


There is another claſs or ſpecies of planets, 
which are called comets. Theſe move round 
the ſun in regular and ſtated periods of times, 
in the ſame manner, and from the ſame cauſe, 
as the reſt of the planets do ; that is, by a cen- 


tripetal force, every where decreaſing as the 
- ſquares 


* Martin's Deſcription and Uſe of the Globes. 
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ſquares of the diſtances increaſe, which is the 
general law of the whole planetary ſyſtem. 
But this centripetal force in the comets being 
compounded with the projectile force, in a very 
different ratio from that which is found in the 
planets, cauſes their orbits to be much more 
elliptical than thoſe of the en, which are 
almoſt circular. | 

But whatever may be the form of a comet's 
orbit in reality, their geocentric motions, or 
the apparent paths which they deſcribe in the 
heavens among the fixed ſtars, will always be 
circular, and therefore may be ſhewn upon the 
ſurface of a celeſtial globe, as well as the mo- 
tions and places of any of the reſt of the 
: Fonts. 
Io give an inſtance of the cometary praxis 
on the globe, we ſhall chuſe that comet, for the 
ſubject of theſe problems, which made it's ap- 
pearance at Boſton, in New England, in the 
months of October and November, 1758, in it's 
return to the ſun; after which, it approached 
ſo near the ſun, as to ſet heliacally, or to be loſt 
in it's beams for ſome time ſpent in paſſing 
the perihelion. Then afterwards emerging 
from the ſolar rays, it appeared retrograde in 
it's courſe from the ſun towards the latter end 
of March, and ſo continued the whole month 
of April, and part of May, in the Welt Indies, 
particularly in Jamaica, whoſe latitude ren- 

dered 
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dered it viſible in thoſe parts, when it was, for 
the greateſt part of the time, inviſible to us, 
by reaſon of it's ſouthern courſe through the 
heavens. | 

When two obſervations can be made of a 
comet, it will be very eaſy to aſſign it's courſe, 
or mark it out upon the ſurface of the celeſtial 
globe. Theſe, with regard to the above-men- 
tioned comet, we have, and they are ſufficient 
for our purpoſe in regard to the ſolution of 
cometary problems. . 8 

By an obſervation made at Jamaica on the 
31ſt of March, 1759, at five o'clock in the 
morning, the comet's altitude was found to be 
22 deg. 50 min. and it's azimuth 71 deg. ſouth- 
eaſt. From hence we ſhall find it's place on 
the ſurface of the globe by the following pro- 
blem. | 


PROBLEM XLVI. + 


To rectiſy the globe for the latitude of the place 
of obſervation in Famaica, latitude 17 deg. 
30 min. and given day of the month, viz. 
March 31ſt. | 


Elevate the north pole to 17 deg. go min. 
above the horizon, then fix the quadrant of al- 
titude to the ſame degree in the meridian, or 
zenith point. Again, the ſun's place for the 
31ſt of March is in 10 deg. 34 min. T, which 

Ee ) bring 
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bring to the meridian, and ſet the hour index 
at XII, and the globe is then rectified for the 
place and time of obſervation. 


PROBLEM XLVII. 


To determine the place of a comet on the ſurface 

of the celeſtial globe from it's given altitude, 
azimuth, hour of the day, and latitude of the 
. 


The globe being rectified to the given la- 
titude, and day of the month, turn it about 
towards the eaſt, till the hour index points to 
the given time, viz. V o'clock in the morn- 
ing; then bring the quadrant of altitude to in- 


' terſe& the horizon in 71 deg. the given azi- 


muth in the ſouth-eaſt quarter; then, under 
22 deg. 50 min. the given altitude, you will 
find the comet's place, where you may put a 
{mall patch to repreſent it, 


PROBLEM XLVIII. 


To find the latitude, longitude, declination, and 


right aſcenſion of the comels. 


In the circles of latitude contained in the 


zodiac, you will find the latitude of the comet 


to be about 30 deg. 30 min. from the ecliptic ; 
the ſame circle of latitude reduces it's place to 
the ecliptic in 26 deg. 30 min. of , which is 

it's 
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it's longitude ſought. Then bring the come- 
tary patch to the brazen meridian, and it's de- 
clination will be ſhewn to be 9 deg. 15 min. 
ſouth. At the ſame time, it's right aſcenſion 
will be 227 deg. 30 min. 


PROBLEM XLIX. 


To ſhew the time of the comet's riſing, fout bing, 
ſetting, and amplitude, for the day of the ob- 
ſervation at Famaica, 


Bring the place of the comet into the eaſtern 
ſemicircle of the horizon, (the globe being 


rectified as directed) the index will point to III 
hours 15 min, which is the time of it's rifing 


in the morning at Jamaica, the amplitude 10 
deg. very nearly to the ſouth. The patch be- 
ing brought to the meridian, the index points to 
IX o'clock 10 min. for the time of culminating, 
or being ſouth to them. Laſtly, bring the 
patch to touch the weſtern meridian, and the 
index will point to III in the afternoon, for 
the time of the comet's ſetting, with 10 deg. 

of ſouthern amplitude, of courſe. 
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PROBLEM L. 


From the comet*s place being given, to find the 
time of its riſing in the horizon of London, 
on the 31/t day of March, 1759. 


For this purpoſe, you need only rectify the 
globe for the given latitude of London, and 
bring the cometary patch to the eaſtern hori- 
zon, and the index points to III hours 45 min. 
for the time of it's riſing at London, with about 
14 deg. of ſouth amplitude; then turn the 
patch to the weſtern horizon, and the index 
points to II hours 25 minutes, the time of it's 

fetting. | 
| N. B. From hence it- appears, es cer 
roſe ſoon enough that morning to have been 
obſerved at London, had the heavens been 
clear, and the aſtronomers been before-hand 


apprized of ſuch a phenomenon. 


i 
| PROBLEM II. | 

To determine another place of the ſame comet, 
rom an obſervation made at London « on the 
bb day of May, at ten in the evening. 


On the 6th day of May, 1759, at ten at 
night, the place of the comet was obſerved, and 


it's diſtance meaſured with a micrometer, from 
| | two 


* 
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two fixed ſtars marked and y in the conſtel- 
lation called Hydra, and it's altitude was found 
to be 16 deg. and it's azimuth 37 deg. ſouth- 
weſt ; from whence it's place on the ſurface of 
the globe is exactly determined, as in prob, 
xlvii. and having ſtuck a patch thereon, you 
will have the two places of the comet on the 
ſurface of the globe, for the two diſtant days 
and places of obſervation, as required, 


PROBLEM III. 


From two given places of a comet, to aſſign it's 
apparent path among the fixed flars in the 
heavens. 


The two places of the comet being deter- 
mined by the obſervations on the 31ſt of 
March, 1758, and the 6th of May following, 
and denoted by two patches reſpectively, you 
muſt move the globe up and down, in the 
notches of the horizon, till ſuch time as you 
bring both the patches to coincide with the 
horizon; then will the arch of the horizon be- 
tween the two patches ſhew, upon the celeſtial 
globe, the apparent place of the comet in the 
interval between the two obſervations, and by 
drawing a line with a black lead pencil along 
by the frame of the horizon, it's path on the 
ſurface of the globe will be delineated, as re- 
quired, And here it may be obſerved, that 
Ee 3 I'S 
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it's apparent path lay through the following 
ſouthern conſtellations, viz. the tail of Capri- 
corn, the tail of Piſcis Auſtralis, by the head of 
Indus, the neck and body of Pavo, through the 
neck of Apus, below Triangulum Auſtrale, 
above Muſca, by the lowermoſt of the Cro- 
fiers, acroſs the hind legs and through the tail 
of Centaurus, from thence between the two 
ſtars in the back of the Hydra before-men- 
tioned; after this, it paſſed on to Sextans Ura- 
nite, and then to the ecliptic near Cor Leonis, 
ſoon after which it totally diſappeared. 4 


PROBLEM L111. 


. To eftimate the apparent velocity of a comet, tws 
| places thereof being given by obſervation. 


Let one place be aſcertained near the be- 
ginning of it's appearance, and the other to- 
wards the end thereof; then bring theſe two 
Places to the horizon, and count the number 
of degrees interſeted between them, which 
being the ſpace apparently deſcribed in a given 
time, will be the velocity required. Thus, in 
the caſe of the above-mentioned comet, you 
will find that it deſcribed more than 150 deg. 
in the ſpace of 36 days, which is more than 4 


deg. per day. 


Pro- 
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- | PROBLEM LIV. 


To repreſent the general phenomena of the comet, 
for any given latitude, | 


Bring the viſible path of the comet to coin- 
cide with the horizon, by which it was drawn, 
and then obſerve what degree of the meridian . 
is in the north point of the horizon, which, in 
the caſe of the foregoing comet, will be the 
23 deg. This will ſhew the greateſt latitude 

in which the whole path can be viſible in any 
latitude leſs than this, as that of Jamaica; 
where, for inſtance, the moſt ſouthern part of 
the path will be elevated more than 5 deg. 
above the horizon, and the comet viſible 
through the whole time of it's apparition. 
But reftifying the globe for the latitude of 
London, the path of the faid comet will be 
for the moſt part inviſible, or below the 
horizon; and therefore it could not have been 
ſeen in our latitude, but at times very near the 
beginning and end of it's appearance; becauſe, 
by bringing the comet's path on one part to 
the ſouth point of the horizon, it will imme- 
diately appear in what part the comet ceaſes to 
be viſible; and then bringing the other part of 
the path to the point, it will appear in what 
part it will again become viſible. | 
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After this manner may the problems re- 
lating to any other comets be performed ; and 
thus the paths of the ſeveral comets, which 
have hitherto been obſerved, may be ſeverally 
delineated on the celeſtial globe, and their 
various phenomena in different latitudes be 
/ | 
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ESSAY Il. 


A DESCRIPTION 


OF THE MOST IMPROVED 


PLANETARIUM, LUNARIUM, AND. TELLURIAN., 


| I Now proceed, in purſuance of my original 

plan, to deſcribe one of the inſtruments 
contrived to facilitate the ſtudy of geography 
and aſtronomy. It will realize to the eye of 


the pupil many phenomena, and impreſs them 


ſtrongly on his memory. The inſtrument here 
deſcribed may be conſidered as one of the beſt 
hitherto contrived for explaining the celeſtial 


motions. The deſcription of this will, with 


very few alterations, apply to moſt other in- 
ſtruments deſigned for the ſame purpoſe. The 
explanation of the inſtrument will alſo enable 
me to render ſome articles plainer, and to treat 
others more fully ; while thoſe who have not 


thoroughly e what has been al. 


ready 
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ready ſaid, may gain more perfect ideas of the 
ſubjet. | 

It ſeems highly probable, that the ancients 
were not unacquainted with planetary ma- 
chines, and that the fame powers of genius 
which led them to contemplate and reaſon 
upon the motion of the heavenly bodies, in- 
duced them to realize their ideas, and form in- 
ſtruments for explaining them; and we may 
fairly preſume, that theſe were carried to no 
| ſmall degree of perfection, when we conſider 
that of one, Archimedes was the maker, and 
Cicero the encomiaſt. f 

The inſtrument now to be deſeribed was 
invented by the celebrated Huygens, though 
ſince his time it has been aſcribed to almoſt as 
many inventors as makers ; each deviation in 
form, the mounting it in this mode or the other, 
the addition of a zodiac, or ſome ſuch ſlight 
changes, have been deemed by many of ſuffi- 
cient importance to give them a claim to the 
title of inventors :—be it ſo. Let the friend 
of ſcience encourage every humble effort to 
improve it; and let him beſtow a name which, 
though it may in ſome meaſure gratify vanity, 
yet incires to labour, rather than by contempt 
check the ardour, or diſcourage the talents 
which, when called forth, may be of the greateſt 


ſervice to fociety. 
Drscxr P- 
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DscRIPTION Or THE PLANETARIUM. 


Fig. 1, plate XI, repreſents the plane- 
tarium. The box contains the wheel-work by 
which the planets are made to move round a 
braſs ball, repreſenting the ſun : this motion is 
communicated to them by turning a handle. 

A planetarium may be conſidered, in ſome 
ſort, as a diametrical ſection of our univerſe, in 
which the upper and lower hemiſpheres are 
ſuppreſſed. The upper plate is to anſwer for 


the ecliptic; on this therefore are placed, in 


two oppoſite circles, correſponding to each 
other, the ſigns of the ecliptic, and the days of 


the month, by means whereof the planets may 


be eaſily ſet to their mean places in the ecliptic 
for any day in the year. Through the center 
of the plate there paſſes a ſtrong ſtem, on which 
the braſs ball © is placed, which repreſents 
the ſun ; round the ſtem are the different ſock- 
ets, which carry the arms, by which the balls 
repreſenting the planets are ſupported. The 


planets are ivory balls, having the hemiſphere 


which is next the ſun white, the- other black, 
to exhibit their reſpeQive phaſes to each other. 
The planets may be eaſily put on or taken off 
their ſockets, as occaſion requires. About the 
primary planets are placed the ſecondary pla- 
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nets, or moons, which are in this inſtrument 
only moveable by hand ; but when the inftru- 


ment 1s fitted upon a large ſcale, and in a more 


expenſive form, even theſe are put in motion 
by the wheel-work. : 

The planets are diſpoſed in the IA 
order: in the center is the braſs ball © to re- 
prefent the ſun, then Mercury &, Venus , the 
earth ©, Mars , Jupiter, X, and Saturn H; 
then the Georgium Sidus HH. 

When the pupil has been gratified by put- 
ting the inſtrument in motion, and making his 


own obſervations on thoſe motions, it will be 


proper to acquaint him with the names of the 
different planets, and of their diviſion into-pri- 
mary and ſecondary, to ſhew him how they 
were firſt diſtinguiſhed from the fixed ſtars, 
and how the length of their periodic revolution 
was diſcovered. Here it will be proper to 
obferve, that the annual motion of the earth, or 
the time it takes to perform it's period round 
the ſun, is made the bafis to which the others 
are compared; and this is one of the reaſons 
why the months, and days of our months, are 
engraved on the circle. Having obſerved this, 


the planets may be put in motion, and they. 


will be found to revolve round the repreſenta- 


five of the ſun in their proportionable times, 


each planet always completing it's revolution 


— 
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in che ſame ſpace of time, in periods regulated 
and proportioned to their diſtance from the 
ſun : the curve which they deſcribe in their 
revolution, is what is termed their orbit. 


GENERAL EXPLANATION OF THE SOLAR Sys- 
TEM BY THE PLANETARIUM. 


In the center of the ſyſtem is the ſun, placed 
in the heavens by that A/mighty Power who ſaid, 
« Let there be light, and there was light,“ to 
be the fountain of light and heat to all the 


planets revolving round him. 


— His rapid rays, 

„ Themſelves unmeaſur'd, meaſure all our days: 
« A thouſand worlds confeſs his quick*ning heat, 
And all he cheers are fruitful, fair, and ſweet.” 


The ſituation of this glorious body, in the ſyſ- 
tem, is pointed out in this machine by the 
braſs ball in the center. 

Mercury is the neareſt planet to the ſun, 


and moves round him in about 88 days. To 


obſerve this by the planetarium, obſerve the 
parts of the ecliptic where Mercury and Venus 
are fituated, or ſet them to any two given 
places therein, and then turn the handle; and 
when Mercury is returned to the place from 
whence he ſet out, the earth will have gone 
over 88 days of the. ecliptic. In the ſame 

FD manner 
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manner you will find the periods of the other 
planets correſponding to their reſpective pe- 
riods in the heavens. 

As Mercury moves round him in rather 
leſs than three months, that. conſequently is 
the length of his year; the year in each planet 
being the ſpace of time which it occupies in 
going round the ſun. Mercury is ſeldom ſeen, 
on account of his being ſo near to the ſun as to 
be generally concealed by his rays; and the 
time of his rotation on his axis, or the length 
of his days and nights, has not yet been diſco- 
vered. 2 | 
Venus, the next planet to Mercury, diſtin- 
guiſhed in the heavens by her fuperior luſtre 
and brightneſs, completes her annual or yearly 
revolution round the ſun in about 225 days; 
and her diurnal or daily rotation upon her own 
axis in about 234 hours. When this planet 
appears to the weft of the ſun, ſhe riſes before 
him in the morning, and is called the morning 
ſtar; and when ſhe appears to the eaſt of the 
| fun, ſhe ſhines in the evening after he ſets, and 
is then called the evening ſtar; being in each 
_ Hituation, alternately, ſor about 7z months. 

The next planet above Venus is the Earth, 
whoſe annual revolution is performed in 365 
days, 5 hours, and 49 minutes, or rather more 
than 12 months, (the brazen ecliptic is how- 
ever only divided into 365 days) and it's diur- 
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nal rotation in about 24 hours. Every fourth 
year, one day is added at the end of February, 
to recover the time which the earth ſpends in 
her annual courſe above the 365 days, which 
compoſe a common year. This fourth year 
therefore conſiſts of 366 days, and is called biſ- 
ſextile, and alſo leap-year. 

Next above the earth's orbit is that of 
Mars, who completes his revolution round 

the ſun in ſomewhat leſs than two of our years, 
and his rotation upon his axis in rather more 
than 244 hours. | 

Jupiter, the largeſt of all the planets, holds 

the next place to Mars in diſtance from the 
ſun. He performs his annual revolution in ra- 
ther leſs than 12 years, and his diurnal rotation 
in about 10 hours. Jupiter, as well as Venus, 
is ſometimes called a morning, and ſometimes 
an evening ſtar, 

Next to the orbit of Jupiter is that of Sa- 
"turn, who completes his annual revolution 
round the ſun in about 292 years. The time 

of his diurnal rotation is unknown. 
Saturn was generally conſidered as the re- 
moteſt planet of our ſyſtem, till, on the 13th of 
March, 1781, Dr. Herſchel diſcovered another, 
ſtill further diſtant from the ſun, round which 
it revolves, in an orbit nearly circular, in about 
82 years. To this planet Dr. Herſchel has 
given the name of the Georgium Sidus. 
Beſides 
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Beſides theſe. ſeven primary planets, there 
are fourteen others, called /econdary planets, or 
ſatellites, which move round their primaries 
in the ſame manner as theſe move round the 
ſun. 

The firſt of theſe is the moon, repreſented 


by the ſmall ball annexed to the earth. While 


it accompanies the earth in it's annual pro- 
greſs through it's orbit, it is continually re- 
volving round it; as you will ſee in that part 
of the inſtrument that is particularly deſigned 
to illuſtrate the phenomena of the moon. 
Jupiter has four ſatellites, Saturn ſeveral, 
and the Georgium Sidus two; they are all invi- 
ſible to the naked eye, and are only to be ſeen 
by the aſſiſtance of teleſcopes. Saturn, beſides 
his ſeven ſatellites, has a bright ſhining ring, 
which encompaſſes him: it is at ſuch a diſ- 
tance from his body, that the fixed ſtars may 
frequently be ſeen between the inner edge of 
the ring and the planet itſelf. Dr. Herſchel 
has lately diſcovered that this ring is divided 
into two parts, an inner and an outer ring, 


which are ſeparated from each other by a ſpace 
of one thouſand miles, | 


Ts 
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To 80 by the planetarium, why the ſun, be- 
ing a fixed body, appears to paſs through all 


the ſigns of the zodiac in twelve months, or 


one year. It will ſhew that this phenomenon 
is occaſioned by the annual motion of the 
earth, 


As the general phenomena of the planetary 
ſyſtem will be beſt underſtood by an induction 
of particulars, I ſhould adviſe the tutor to re- 
move all the planets but thoſe whoſe motion he 


is going to explain; for inſtance, let him now . 


leave only the earth and ſun; place the earth 
over Libra, and it is plain that the ſun will 
then be transferred by the eye of the ſpectator 
to Aries, in which ſign it will appear at the 
latter end of March: move the earth on in it's 
orbit to Capricornus, and the ſun will appear 
at Cancer in June, ſeeming to have moved 
from Y to 9s, though it has not ſtirred, the 
real motion of the earth having cauſed the ſpec- 
tator to transfer the ſun to all the intermediate 


points in the heavens, and thus given it an ap- 


parent motion. Continue to move the earth 


till it arrives at Aries, and the ſun will be ſeen 


in Libra in the month of September: moving 
the earth on to Cancer, the viſual ray of the 
ſpectator refers the ſun to, Capricorn, as it ap- 


pears in the month of December. Laſtly, con- 


wn moving the earth, and it will arrive at 
Ff | Aries, 
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Aries, where we ſet out. Thus we have ſhewn 
that it is the motion of the carth which cauſes 
the ſun to appear in all the different ſigns of 
the zodiac. Cuſtom, indeed, has taught us to 
ſay the ſun is in Aries, when it is between us 
and Aries, and ſo of any other ſign; whereas it 
would have been more proper to ſay, that the 
earth is in Libra. 


To his why at different times of the year we ſee 
the heavens decorated with an entire ai ferent 
colle ion of Hare. hg 

ib. 

This phenomenon is occaſioned by the 
earth's progreſſive or annual motion ; while the 
earth is traverſing his courſe under the vaſt 
concave of fixed ſtars, we are gradually carried 
under the different conſtellations. From hence 
it is evident, that at night when the earth 1s 
turned from the ſun, we ſhall in ſucceſſion have 
the opportunity of viewing from time to time 
all the ſtars in the zodiac, and conſequently a 
different conſtellation will preſent Tau every 
month. 

Thus, the Pleiades are not viſible in the 
- ſummer; but in the winter the earth i is got be- 
tween the fun and them. Theſe ſtars are ob- 
ſervable at night, becauſe they are not inter- 
cepted from our fight by the ſun's rays; and in 
this 1 manner they hs during the whole 

winter, 
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winter, only they ſeem to get more weſterly 
every night, as the earth moves gradually by 
them to the eaſt. To make this ſtill more clear, 
place the earth in the planetarium between the 
ſun and any of the ſigns, that fide towards the 
ſun will be day, and that towards the ſign night: 
it follows, that at night we are turned towards 
the ſtars, which in that ſign (ſuppoſe, as before, 
the Pleiades in Taurus) will then be conſpicuous 
to us; but as the ſpring approaches, the earth 
withdraws itſelf from between the ſun and the 
Pleiades, till at length the earth, by it's pro- 
greſſive motion, gets the ſun between it and the 
ſtars, which then lie hid behind the ſolar rays: 
after the ſame manner, while the earth per- 
forms his annual tract, the ſun, which always 
ſeems to move the contrary way, darkens, by 
his ſplendor, the other conſtellations ſuccef- 
fively; but the ſtars oppoſite to thoſe hid by the 
ſun, are at night preſented to our view. 


GENERAL PHENOMENA OF THE PLANETS. 


Let the tutor now place the earth, Mars, 
and Venus, on the planetarium; and as each 
planet moves with a different degree of velo- 
city, they are continually changing their rela- 
tive poſitions. Thus on turning the handle of 
the machine, he will find, iſt, that the earth 
moves twice as fait as Mars, making two revo- 
lutions while he makes one; and Venus, on the 
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other hand, moves much faſter than the earth. 
Secondly, that in each revolution of the earth 
theſe planets continually change their relative 
poſitions, correſponding ſometimes with the 
ſame point of the ecliptic, but much oftener 
with different points. 


To explain the conjunction, oppoſition, elongation, 


and other phenomena of the inferior planets. 


I may now proceed to make ſome obſerva- 
tions on the motions of Venus, as obſerved in 
the planetarium. If conſidered as viewed from 
the ſun, we ſhall find that Venus would appear 
at one time nearer to the earth than at another; 
that ſometimes ſhe would appear in the ſame 
part of the heavens, and at others in oppoſite 
parts thereof. 

As the planets, when feen from the ſun, 
change their poſition with reſpect to the earth, 


ſo do they alſo, when ſeen from the earth, 


change their poſition with reſpect to the ſun, 
being ſometimes nearer to, at others farther 
from, and at times in conjunction with him. 
But the conjunctions of Venus or Mercury, 
ſeen from the earth, not only happen when they 
are ſeen together from the ſun, but alſo when 
they appear to be in oppoſition to the ſolar 
ſpectator. To illuſtrate this, bring the. earth 
and Venus to the firſt point of Capricorn; then 


by 
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by applying a ſtring from the ſun over Venus 
and the earth, you will find them to be in con- 
junction, or on the ſame point of the ecliptic. 

Whereas if you turn the handle till the ſun 
is between Venus and the earth, a ſpectator in 
the ſun will ſee Venus and the earth in oppoſi- 
tion; but an inhabitant of the earth will ſee 
Venus not in oppoſition to the ſun, but in con- 
junction with him. 

In the firſt conjunction Venus is between 
the ſun and earth; this is called the inferior 
conjunction. In the ſecond, the ſun is ſituated 
between the earth and Venus; this is called the 
ſuperior conjunction. | 

After either of theſe conjunctions, Venus 
will be ſeen to recede daily from the ſun, but 
never departing beyond certain bounds, never 
appearing oppoſite to the ſun; and when ſhe is 
ſeen at the greateſt diſtance from him, a line 
joining her center with the center of the earth, 
will be a tangent to the orbit of Venus. 

To illuſtrate this, take off the ſun from it's 
ſupport, and the ball of Venus from it's ſup- 
porting ſtem; place the wire, fig. 2, plate XI, 
ſo that the part P may be on the ſtem that ſup- 
ports the earth, and a ſimilar ſocket, fig. 3, on 
the pin which ſupports the ball of Venus; the 
wire F is to lie in a notch at the top of the 
ſocket, which has been put upon the ſupporting 
ſtem of Venus; then will the wire repreſent a a 
viſual ray going from an inhabitant of the earth 
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to Venus. By tutning the handle, you will 
now find that the planet never departs further 
than certain limits from the ſun, which are 
called it's greateſt elongations, when the wire 
becomes a tangent to the orbit; after which, it 
approaches the ſun, till it arrives at either the 
inferior or ſuperior conjunction. 

It will alſo be evident from the inſtrument, 
that Venus, from her ſuperior conjunction, 
when ſhe is furtheſt from the earth, to the time 
of her inferior conjunction, when ſhe is neareſt, 
ſets later than the ſun, is ſeen after ſun-ſet, and 
is, as it were, the forerunner of night and dark- 

neſs. But from the inferior conjunction, till 

ſhe comes to the ſuperior one, ſhe is always 
ſeen weſtward of the ſun, and muſt conſequently 
ſet before him in the evening, and riſe before 
him in the morning, foretelling that Rat and 
day are at hand. 

Bring Venus and the earth to the begin- 
ning of Aries, when they will be in conjunc- 
tion; and turn the handle for nearly 225 days, 
and as Venus moves faſter than the earth, ſhe 
will be come to Aries, and have finiſhed her 
courſe, but will not have overtaken the earth, 
who has moved on in the mean time; and Ve- 

nus muſt go on for ſome time, in order to over- 

take her. Therefore, if Venus ſhould be this 
day in conjunction with the ſun, in the inferior 
part of her orbit, ſhe will not come again to 
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the ſame conjunction till after 1 year, 7 months, 
and 12 days. | 

It is alſo plain, by inſpection of the plane- 
tarium, that though Venus does always keep 
nearly at the ſame diſtance from the ſun, yer 
ſhe is continually changing her diſtance from 
the earth; her diſtance is greateſt when ſhe is 
in her ſuperior, and leaſt when ſhe is in her 
inferior conjunction. 


To explain the phaſes, the retrograde, direct, and 
flationary ſituations of the planets. 


As Venus is an opake globe, and only ſhines 
by the light ſhe receives from the ſun, that face 
which is turned towards the ſun will always be 
bright, while the oppoſite one will be in dark- 
neſs ; conſequently, if the ſituation of the earth . 
be ſuch, that the dark fide of Venus be turned 
towards us, ſhe will then be inviſible, except 
ſhe appear like a ſpot on the diſk of the ſun. 
If her whole illuminated face is turned towards 
the earth, as it is in her ſuperior conjunction, 
ſhe appears of a circular form; and according 
to the different poſitions of the earth and Ve- 
nus, ſhe will have different forms, and appear 
with different phaſes, undergoing the ſame 
changes of form as the moon. Theſe different 
phaſes are ſeen very plain in this inſtrument, as 
the ſide of the planet, which is oppoſite to the 
ſun, is blackened; ſo that in any poſition, a line 
drawn from the earth to the planet, will repre- 
ſent that part of her diſk which is viſible to us. 
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The irregularities in the apparent motions 
of the planets, is a ſubject that this inſtrument 
will fully elucidate; and the pupil will find that 
they are only apparent, taking their riſe from 
the ſituation and motion of the obſerver. To 
illuſtrate this, let us ſuppoſe the above- men- 
tioned wire, when connected with Venus and 
the earth, to be the viſual ray of an obſerver on 
the earth, it will then point out how the mo- 
tions of Venus appear in the heavens, and the 
path ſhe appears to us to deſcribe among the 
fixed ſtars. | | 
Let Venus be placed near her ſuperior con- 
junction, and the inſtrument in motion, the 
wire will mark out the apparent motion of Ve- 
nus in the ecliptic. Thus Venus will appear 
to move eaſtward in the ecliptic, till the wire 
Yo, becomes a tangent to the orbit of Venus, in 
which ſituation ſhe will appear to us to be ſta- 
tionary, or not to advance at all among the 
fixed ſtars; a circumſtance which 1s exceeding 
"viſible and clear upon the planetarium. 
Continue turning, till Venus be in her ſu- 
perior conjunction, and you will find by the 
wire, or viſual ray, that ſhe now appears to 
move backward in the ecliptic, or from eaſt to 
weſt, till ſhe is arrived to that part where the 
viſual ray again becomes a tangent to her orbit. 
In which poſition, Venus will again appear ſta- 
tionary 


® 


— 
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tionary for ſome time; after which ſhe will 
commence anew her direct motion. 

Hence, when Venus is in the ſuperior part 
of her orbit, ſhe is always ſeen to move directly, 
according to the order of the ſigns; but when 
ſhe is in the inferior part, ſhe appears to move 


ina contrary direction. 


What has been ſaid concerning the motions 
of Venus, is applicable to thoſe of Mercury; 


- but the conjunctions of Mercury with the ſun, 


as well as the times of his being Uirect, ſta- 
tionary, or retrograde, are more frequent than 
thoſe of Venus. 


Of the ſuperior planets, as ſeen from the earth. 


If the tutor wiſhes to extend his obſerva- 
tions on the inſtrument to Mars, he will find 
by the viſual ray, that Mars, when in conjunc- 
tion, and when in oppoſition, will appear in 


the ſame point of the ecliptic, whether it is 


ſeen from the ſun or the earth; and in this 
ſituation only 1s it's real and apparent place the 
ſame, becauſe then only the ray proceeds as if 


it came from the center of the univerſe. 


He will obſerve, that the direct motion of 
the ſuperior planets is ſwiſter the nearer it is to 
the conjunction, and flower when 1t is nearer 
to quadrature with the ſun; but that the retro- 


grade motion of a ſuperior planet is ſwifter 
= the 
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the nearer it is to oppoſition; and ſlower the 
nearer it is to quadrature ;* but at the time of 
change from direct to retrograde,. it's motion 
becomes inſenſible. 


\ 


To prove by the planetarinm the truth of the 
Copernican, and abſurdity of the Plolemaic 
ſyſtem. 


Olall the arciudices which philoſophy con- 
tradicts, there is none ſo general as that the 
earth keeps it's place unmoved. This opinion 
ſeems to be univerſal, till it is corrected by 
inſtruction, or by philoſophical ſpeculation. 

Thoſe who have any tincture of education, are 
not now in danger of being held by it; but yet 
they find at firſt a reluctance to believe that 
there are antipodes, that the earth is ſpherical, 
and turns round it's axis every day, and round 
the ſun every year. They can recollect the 
time when reaſon ſtruggled with prejudice 
upon theſe points, and prevailed at length, but 
not without ſome efforts.* 

The planetarium gives ocular demonſtration 
of the motion of the earth about the ſun, by 
ſhewing that it is thus only that the celeſtial 
phenomena can be explained, and making the 
abſurdity of the Ptolemaic ſyſtem evident to 
the ſenſes of young people. For this purpole, 

take 


- * Reid's Eſſays on the Intellectual Powers of Man. 
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take off the braſs ball which repreſents the 
ſun, and put on the ſmall ivory ball, which 
accompanies the inſtrument in it's place, to 
repreſent the earth, and place a ſmall braſs ball 
for the ſun, on that. arm which carries the 
earth, | | 
The inſtrument in this ſtate will give an 
idea of the Ptolemaic ſyſtem, with the earth 
immoveable in the center, and the heavenly 
bodies revolving about in the following order: 
Mercury, Venus, the /un, Mars, Jupiter, and 
Saturn. Now, in this diſpoſition of the pla- 
nets, ſeveral circumſtances are to be obſerved, 
that are contrary to the real appearances of the 
| celeſtial motions, and which therefore prove 
the falſity of this ſyſtem. 

It will appear from the inſtrument, that on 
this hypotheſis Mercury and Venus could ne- 
ver be ſeen to go behind the ſun, from the 
earth, becauſe the orbits of both of them are 
contained between the ſun and the earth; but 
theſe planets are ſeen to go as often behind the 
ſun as before it; we may, therefore, from 
hence conclude, that this ſyſtem 1s erroneous. 

It. is alſo apparent in the planetarium, that 
on this ſcheme theſe planets might be ſeen in 
conjunction with, or in oppoſition to the ſun, 
or at any diſtance from it. But this is con- 
trary to experience, for they are never ſeen in 


oppoſition to the ſun, or on the meridian of 
London, 
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London, for inſtance, at midnight, nor ever 
recede from it beyond certain limits. 

Again, on the Ptolemaic ſyſtem all the 
Planets would be at an equal diſtance from the 
earth, in all parts of their orbits, and would 
therefore neceſſarily appear always of the ſame 
magnitude, and moving with equal and uni- 
form velocities in one direction; circumſtances 
which are known to be repugnant io obſerva- 
tion and experience. 


To re#ify the planetarium, or place the planets 
in their true /i e as ſeen from the 


. . 


The ſituations of the planets in the heavens 
are accurately calculated by aſtronomers, and 
publiſhed in almanacks appropriated to the 
purpoſe, as the Nautical Almanack, White's 
Ephemeris, &c. An ephemeris is a diary or 
daily regiſter of the motions and places of the 
heavenly bodies, ſhewing the ſituation of each 
planet at 12 o'clock each day. Theſe ſituations 
it exhibits both as ſeen from the ſun, and from 
the earth; but as the former, or the heliocen- 
tric, is the only one of any uſe for this purpoſe, 
we ſhall here inſert, and explain, ſo much of 
that part of Mr. White's ephemeris, as will 
enable the pupil to rectify his-planetarium. 


Days. 
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E Day [Length Helioc. | Helioc. } Helioc. | Helioc. J Helioc. rs 
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In the foregoing table, for May, 1790, you 
have the heliocentric places calculated to every 
ſix days of the month, which is ſufficiently ac- 
curate for general purpoſes. Thus, on the 
19th, you have Saturn in 28 11 of Piſces, Ju- 
piter 3 37' of Virgo, Mars in 5 20 of Libra, 
the earth 28* 36' of Virgo. Venus 7% of Ca- 
pricorn, and Mercury 4* 13' of Virgo; to which 
places, on the ecliptic of the planetarium, 
the ſeveral planets are to be ſer, and they will 
then exhibit their real ſituations, both with re- 
ſpect to the ſun and the earth, for that day. 


To nſe the inſlrument as a tellurian, plate XII, 
| fig. 1. 


The ſun, the earth, and the moon, are bodies, 
which, from our connection with them, are ſo 
intereſting to us, that it is neceſſary to enter 
into a minute detail of their reſpective pheno- 
mena, To render this inſtrument a tellurian, 
all the planets are firſt to be taken of, the piece 
of wheel-work AB is to be placed on in their 
ſtead, in ſuch a manner, that the wheel c may 
fall into the teeth thatare cut upon the edge of 


the 
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the ecliptic. The milled nut D is then to be 
ſcrewed on, to keep the wheel- work firmly in 
it's place. It is beſt to place this wheel-work 
in ſuch a manner, that the index E may point 
to the 21ſt of June, and then to move the globe, 
fo that the north pole may be turned towards 
the ſun. | 
The inſtrument will then ſhew, in an ac- 
curate and clear manner, all the phenomena 
ariſing from the annual and diurnal motion of 
the carth; as the globe is of three inches dia- 
meter, all the continents, ſeas, kingdoms, &c. 
may be diſtinctly ſeen; the equator, the ecli p- 
tic, tropics, and other circles, are very viſible, 
fo. that the problems relative to peculiar places 


may be ſatisfactorily ſolved. The axis of the 


earth 1s inclined to the ecliptic in an angle of 
661 degrees, and preſerves it's paralleliſm 
during the whole of it's revolution. About the 
globe there is a circle, to repreſent the ſermi- 
nator, or boundary between light and darkneſs, 
- dividing the enlightened from the dark hemi- 
ſphere. At NO is an hour circle, to determine 
the time of ſun-rifing or ſetting. 

The braſs index G repreſents a central ſolar 
ray; it ſerves to ſhew when it is noon, or when 
the ſun is upon the meridian at any given place; 
it alſo ſhews what ſign and degree of the ecliptic 
on the globe the ſun deſcribes on any day, and 
the parallel it deſcribes. 
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The plane of the terminator HI paſſes 
through the center of the earth, and is perpen- 
dicular to the central ſolar ray. The index E 

points out the ſun's place in the ecliptic of the 
inſtrument for any given day in the year. 


To explain the changes of ſeaſons by the 


 tellurian. 


Before I ſhew how the ſeaſons are ex- 
plained by the inſtrument, it is neceſſary to 
aſſume two propoſitions: 1, That a globular 
luminous body, ſending out parallel rays of 
light, will only enlighten one half of another 
globe, and that of courſe will be the hemi- 
ſphere turned towards the luminous body. 
2. That the earth moves round the /n in ſuch 
a manner, that in all parts of it's orbit it's 
axis is parallel to itſelf, and has a certain in- 
clination to the plane of the orbit. Theſe be- 
ing underſtood, the firſt thing to be done 1s to 
rectify the tellurian ; or, in other words, to put 
the globe into a poſition ſimilar to that of the 
earth, for any given day. Thus to rectify the 
tellurian for the 21ſt of June, turn the handle 
till the annual index comes to the given day ; 
then move the globe by the arm K L, ſo that 
the north pole may be turned towards the fun; 
and adjuſt the terminator, ſo that it may juſt 
touch the edge of the arctic circle. The globe 
is then in the ſituation of the earth for the 
longeſt 
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longeſt day in our northern hemiſphere, the 
annual index pointing to the firſt point of 
Cancer and the 21ſt of June; bring the meri- 
dian of London to coincide with the central 
ſolar ray, and move the hour circle N O, till 
the index L points to XII; we then have the 
ſituation of London with reſpect to the longeſt 
day. - | 
Now, on gently turning the handle of the 
machine, the point repreſenting London will, 
by the rotation of the earth, be carried away 
towards the eaſt, while the ſun ſeems to move 
weſtward; and when London has arrived at the 
eaſtern, part of the terminator, the. index will 
point on the hour circle the time of ſun- ſetting 
for that day; continue to turn on, and London 
will move in the ſhaded part of the earth, on the 
other ſide of the terminator; when the index is 
again at XII, it is midnight at London; by 
moving on, London will emerge from the weſt- 
ern ſide of the terminator, and the index will 
point out the time of ſun-riſing, the ſun at that 
inſtant appearing to riſe above the horizon in 
the eaſt, to an inhabitant of London. 

It will be evident by the inſtrument, while 
in this poſition, that the central ſolar ray, during 
the whole revolution of the earth on it's axis, 
only points to the tropic of Cancer, and that 
the ſun is vertical to no other part of the earth, . 


but thoſe who are under this tropic. 0 
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By obſerving how the terminator cuts the 
ſeveral parallels of the globe, we ſhall find thar 
all thoſe between the northern and ſouthern 
polar circles (except the equator) are divided 
unequally into diurnal and nocturnal arches, the 
former being greateſt on the north ſide of the 
equator, and the latter on the ſouth fide of it, 

In this poſition the northern polar circle is 
wholly on that ſide the terminator which is 
neareſt the ſun, and therefore altogether in the 
enlightened hemiſphere, and the inhabitants 
thereof enjoy a continual day. In the ſame 
manner, the inhabitants of the ſouthern polar 
circle continue in the dark at this time, not- 
withſtanding. the diurnal revolution of the 
earth ; it is the annual motion only which can 
relieve them from this ſituation of perpetual 
darkneſs, and bring to them the bleſſings of 
day, and the enjoyments of ſummer; while in 
this ſtate the inhabitants in north latitude are - 
neareſt to the central ſolar ray, and conſe- 
quently to the ſun's perpendicular beams, and 
of courſe a greater number of his rays will fall 
upon any given place, than at any other time; 
the ſun's rays do now alſo paſs through a leſs 
quantity of the atmoſphere, which, together 
with the length of the day, and the ſhortneſs of 
the night, are the reaſons of the increaſe of 
heat in ſummer, together with wi it's other 
W effects. 
G 8 Ts While 
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While the earth continues to turn round on 
it's own axis once a day, it is continually ad- 
vancing. from weſt to eaſt, according to the 
order of the ſigns, as is ſeen by the progreſs of 
the annual index E, which points ſucceſſively 
to all the ſigns and degrees of the ecliptic ; the 
ſun in the mean time ſeems to deſcribe the 
ecliptic alſo, going from. weſt to eaſt, at the 
diſtance of ſix ſigns from the earth; that is, 
when the earth really ſets out from the firſt 
point of Capricorn, the ſun ſeems to ſet out 
from the firſt point of Cancer, as is plain from 
the index. 

But as during the annual en of the 
earth, the axis always remains parallel to itſelf, 
the ſituation. of this axis, with reſpect to the 
fun, muſt be continually changing. 

As the earth moves on in the ecliptic, the 
northern polar circle gets gradually under the 
terminator, ſo that when the earth is artived/ 

at the firſt point of Aries, and the annual index 
is at the firſt point of Libra on the 22d of Sep- 
tember, this circle is divided into two equal 
parts by the terminator, as is alſo every other 
parallel circle, and conſequently the diurnal 
and nocturnal arches are equal; this is called 
the time of equinox, the days and nights are 
then equal all over the earth, being each of 
them 12 hours long, as will be ſeen by the ho- 
rary index L. The central ſolar ray G having 
| ſucceſſively 
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ſucceſſively pointed to all the parallels that 
may be ſuppoſed to be between the equator 
and the tropic of Cancer, is at this period per- 
pendicular to the inhabitants that live at the 
equator. 

By continuing to turn the handle, the earth 
advances in the ecliptic, and the terminator 
ſhews how the days are continually decreafing, 
and the diurnal arches ſhortening, - till by de- 
grees the whole ſpace contained by the northern 
polar circle is on that ſide of the terminator 
which is oppoſite to the ſun, which happens 
when the earth is got to the ſirſt point of Can- 
cer, and the annual index is at the firſt point of 
Capricorn, on the 21ſt of December. In this 
ſtate of the globe, the northern polar circle, 
and all the country within that ſpace, have no 
day at all; whilſt the inhabitants that live 
within the ſouthern polar circle, being on that 
ſide of the terminator which is next the ſun, 
enjoy perpetual day. By this and the former 
ſituation of the earth, the pupil will obſerve 
that there are nations to whom a great portion 
of the year 1s darkneſs, who are condemned to 
paſs weeks and months without the benign in- 
fluence of the ſolar rays. The central ſolar - 
ray is now perpendicular to the tropic of Ca- 
pricorn; the length of the days is inverſely what 
it was when the ſun entered Cancer, the days 
being now at their ſhorteſt, and the nights 

CE os . longeſt 
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longeſt in the northern hemiſphere; the length 
of each is. pointed out by the horary index. 

The earth being again carried on till it 
enters Libra, and the ſun Aries, we ſhall again 
have all the phenomena of the equinoctial ſea- 
ſons. The terminator will divide all the pa- 
rallels into two equal parts; the poles will again 
be in the plane of the terminator, and conſe- 
. quently, as the globe revolves, every place 
from pole to pole will deſcribe an equal arch 
in the enlightened and obſcure hemiſpheres, 
entering into and going out of each exactly at 
fix o' clock, as ſhewn by the hour index. 

As the earth advances, more of the northern 
polar circle comes into the illuminated hemi- 
ſphere, and conſequently the days increaſe with 
us, while thoſe on the other fide of the equa- 
tor decreaſe, till the earth arrives at the firſt 
point of Capricorn, the place from which we 
firſt began to make our obſervations. 


To explain the phenomena that take plate in a 
parallel, direct, and right ſphere. 


Take off the globe and it's terminator, and 
put on in it's place the globe which accom- 
panies the inſtrument, and which is furniſhed 
_ with a meridian, horizon, and quadrant of alti- 
. tude; the edge of the horizon is graduated 
from the eaſt and weſt, to the north and ſouth 

| Points, 
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points, and within theſe diviſions are the points 
of the compaſs to the under fide of this hori- 
zon; but at 18 degrees from it another circle 
is affixed, to repreſent the twilight circle; the 
meridian is graduated like the meridian of a 
globe; the quadrant of altitude is divided into 
degrees, beginning at the zenith, and min 
at the horizon. 

This globe, if the horizon be differently ſet 
with reſpect to the ſolar ray, will exhibit the 
various phenomena ariſing from the ſituation 
of the horizon with reſpect to the ſun, either in 
a right, a parallel, or an oblique ſphere; or 
having ſet the horizon to any place, you will 
ſee by the central ſolar ray how long the ſun is 
above or below the horizon of that place, and 
at what point of the compaſs he riſes, his me- 
ridian altitude, and many other curious parti- 
culars, of which we ſhall give a few examples. 

Set the horizon to coincide with the equa- 
tor, and place the earth in the firſt point of 
Libra; then will the globe be in the poſition of 
a parallel ſphere, and of the inhabitants of the 
poles at that ſeaſon of the year, which inha- 
bitants are repreſented by the pin at the upper 
part of the quadrant of altitude; the handle 
being turned round gently, the earth will re- 
volve upon it's axis, and the ſolar ray will coin- 
cide with the horizon, without deviating in the 
leaſt to the north or ſouth; ſhewing, that on 

Gg3 the 
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the 21ſt of March the ſun does not appear to 
riſe or ſet to the terreftrial poles, but paſſes 
round through all the points of the compaſs, 
the plane of the horizon biſecting the ſun's 
diſk. Wn 

Now place the horizon fo that it may coin« 
cide with the poles, and.the pin repreſenting 
an inhabitant be over the equator, the globe in 
this poſition is ſaid to be in that of a right 
ſphere; the equator, and all the parallels of la- 
titude, are at right angles, or perpendicular to 
the horizon; by turning the, handle till the 
earth has completed a year, or one revolution 
about the ſun, we ſhall perceive all the ſolar 
phenomena as they happen to an inhabitant of 
the equator; which are, 1. That the ſun riſes 
at fix, and ſets at ſix, throughout the year, ſo 
that the days and nights there are perpetually 
equal. 2. That on the 21ſt of March, and 22d 
of September, the ſun is in the zenith, or 
exactly over the heads of the inhabitants. 3. 
That one half of the year, between March and 
September, the ſun is every day full north, and 
the other half, between September and March, 
is full ſouth of the equator, his meridian alti- 
tude being never leſs than 66 degrees. 

If the pin repreſenting an inhabitant be 
now removed out of the equator, and ſet upon 
any place between it and the poles, the horizon 
will not then paſs through either of the poles, 

| nor 
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nor coincide” with the equator, but cut it 
_ obliquely, one half being above, the other half 
below the horizon; the globe in this ſtate is 
faid to be in that of an oblique ſphere, of which 
there are as many varieties as there are places 
between the equator and either pole. But one 
example will be ſufficient ; for whatever appear- 
ance happens to one place, the ſame, as to kind, 
happens to every other place, differing only in 
degree, as the latitudes differ. Bring the pin, 
therefore, over London, then will the horizon 
repreſent the horizon of London, and in one 
revolution of the earth round the ſun, we ſhall 
have all the ſolar appearances through the four 
ſeaſons clearly exhibited, as they really are in 
nature; that is, the earth ſtanding at the firſt 
degree of Libra, and the ſun then entering into 
Aries, the meridian turned to the ſolar ray, and 
the hour index ſet to XII, you will then have 
the globe ſtanding in the ſame poſition to- 
wards the ſun, as our earth does at noon on the 
21ſt of March. If the handle be turned round, 
when the ſolar ray comes to the weſtern edge 
of the horizon, the hour index will point to VI, 
- which ſhews the time of ſun-ſetting; London 
then paſſes into, and continues in darkneſs, till 
the hour index having paſſed over XII hours, 
comes again to VI, at which time the ſolar ray 
gains the eaſtern edge of the horizon, thereby 
defining the time of ſun-riſing ; ; ſix hours after- 
Gg4 wards 
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wards the meridian again comes to the ſolar 
ray, and the hour index points to XII, thereby 
evidently demonſtrating the equality of the 
day and night, when the ſun is in the equinoc- 
tial. You may then alſo obſerve, that the ſun 
riſes due eaſt, and ſets due weſt. 

Continuing to move the handle, you will 
find that the ſolar ray declines from the equator 
towards the north, and every day at noon riſes 
higher upon the graduations of the meridian 
than it did before, continually approaching to 
London, the days at the ſame time growing 
longer and longer, and the ſun riſing and ſet- 
ting more and more towards the north, till the 
21ſt of June, when the earth gets in the firſt 
degree of Capricorn, and the ſun appears in the 
tropic of Cancer, riſing about 40 minutes paſt | 
III in the morning, and ſetting about 20 min. 
paſt VIII in the evening; and after continuing 
about ſeven hours in the nether hemiſphere, 
appears riſing in the north-eaſt, as before. 
From the 21ſt of June to the 22d of Septem- 
ber, the ſun recedes to the ſouth, and the gays 
gradually decreaſe to the autumnal equinox, 
when they again become equal. 

During the. three ſucceeding months, the 
ſun continues to decline towards the ſouth pole, 
till the 21ſt of December, when the ſun enters 
the tropic of Capricorn, riſing to the ſouth-eaſt 


point of the compaſs about 20 minutes paſt 
VIII 
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VIII in the morning, and ſetting about 40 mi- 
nutes paſt III in the evening, at the ſouth-weſt 
point upon the horizon; after which, the ſun 
continues in the dark hemiſphere for 17 hours, 
and then appears again in the ſouth-eaſt as be- 
fore. From this chill ſolſtice the ſun returns 
towards the north, and the days continuallß 
increaſe in length till the vernal equinox, when 
all things are reſtored in the lame order as at 
the beginning. 

Thus all the varieties of the ſeaſons, the 
time of ſun-riſing and ſetting, and at what 
point of the compaſs, as alſo the meridian alti- 
tude and declination every day of the year, 
and duration of twilight, and to what place the 
ſun is at any time vertical, are fully exemplified 
by this globe and it's apparatus. 

Before we quit the phenomena particularly 
ariſing from the motion and poſition of the 
earth, let the globe, with the meridian and 
horizon, be removed, and the ivory ball which 
fits upon a pin be placed thereon, to repreſent 
the earth, 
As the axis of this globe ſtands perpendicular 
to the plane of the ecliptic, you will find that 
the ſolar ray continually points to the equator 
of this little ball, and will never deviate to the ' 
north or ſouth; though by turning the handle, 
the ball is made to complete a revolution round 
the ſun, This ſhews that the carth 1 in this po- 

ſition 
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fition would have the days and nights equal in 
every part of the globe, all the year long ; there 
would have been no difference in the climates 
of the earth; no diſtinction of ſeaſons ; an eter- 
nal ſummer, or never-ceaſing winter, would 
have been our portion; an unvaried famenefs, 
that would have limited inquiry, and ſatiated 
curioſity; and that the variety of the ſeaſons is 
owing to it's axis being inclined to the plane of 


it's orbit. 
An explanation of the cauſes of the viciſ- 


ſitudes of the ſeaſons, ſo naturally introduces 
the following reflections of Mr. Cowper, in his 
Winter's Walk, that I hope they will not be 
deemed impertinent, either by the tutor or 


huis pupil. 


What prodigies can power divine perform 
More grand than it produces year by year, 
And all in fight of 1 inattentive man? 
Familiar with th' effect we light the cauſe, 
And, in the-conſtancy of nature's cpurſe, 
The regular return of genial months, 
And renovation of a faded world, 
See nought to wonder at. Should God again, 
As once in Gibeon, interrupt the race - 
Of the undeviating and punctual ſun, 
How would the world admire ! but ſpeaks it leſs 
An agency divine, to make him know 
His moment when to ſink, and when to riſe, 
Age after age, than to arreſt his courſe? 
All we behold is miracle; but ſeen 
80 duly, all is miracle in vain. 
| Where 
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Where now the vital energy that mov'd, 

While ſummer was, the pure and ſubtle lymph 

Through th' imperceptible meand”ring veins 

Of leaf and flower? It ſleeps, and th' icy touch 

Of unprolific winter has impreſs'd | 

A cold ſtagnation on th' inteſtine tide ; 

But let the months go round, a few ſhort months, 

And all ſhall be reſtor d. Theſe naked ſhoots, 

Barren as lances, among which the wind 

Makes wintry muſic, ſighing as it goes, 

Shall put their graceful foliage on again; 

And more aſpiring, and with ampler ſpread, 

Shall boaſt new charms, and more than they have loſt. 
* 0 4 ® * 2 

And all this uniform, uncolour'd ſcene 

Shall be diſmantled of it's fleecy load, 

And fluſh into variety again, 

From dearth to plenty, and from dad to life, 

Is nature's progreſs when ſhe lectures man 

In heavenly truth; evincing, as ſhe makes 

The grand tranfition, that there lives and works 

A foul in all things, and that foul is God. 

The beauties of the wilderneſs are his, 

That make fo gay the ſolitary place, | 

Where no eye ſees them. And the fairer forms, 

'That cultivation glories i in, are his. 

He ſets the bright proceſſion on it's way, 


And marſhals all the order of the year. 
* * #* * * * * 
He feeds the ſecret fire 


By which the mighty proceſs is maintain'd : 
Who ſleeps not, is not weary ; in whoſe fight - 
Slow circling ages are as tranſient days; 
Whoſe work is without labour; whoſe deſigns 
No flaw deforms, no difficulty thwarts; _ 
And whoſe beneficence no change exhauſts. 
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Or uE LuxaRIUN, Frs. 2, PLATE XII. 


Having thus illuſtrated the phenomena, 
which ariſe particularly from the inclination 
of the earth's axis to the plane of the ecliptic, 
ſrom it's rotation round it's axis, and revo- 
lution round the ſun; I now proceed to ex- 
plain, by this inſtryment, the phenomena of the 


moon. But in order to this, it will be neceſ- 


ſary to ſpeak firſt of the inſtrument, which is 
put in motion, like the preceding one, by the 
teeth on the fixed wheel; it is alſo ta be 
placed upon the ſame ſocket as the tellurian, 
and confined down by the ſame milled nut. 
The ſloping ring P © repreſents the plane 
of the moon's orbit, or path, round the earth; 
fo that the moon in her revolution round the 
earth does not move parallel to the plane of the 
ecliptic, but on this inclined plane; the two 
points of this plane, that are connected by the 
braſs wire, are the nodes, one of which is 
marked Q, for the aſcending node, the other 


for the deſcending node. The moon is 
therefore ſometimes on the north, and ſome- 


times on the ſouth ſide of the ecliptic, which 
deviations from the ecliptic are called her 
north or ſouth latitude; her greateſt deviation, 
which is when ſhe is at her higheſt and loweſt 
points, called her limits, is 5 deg.18 min.; this, 

with 
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with all the other intermediate degrees of lati- 
tude, are engraved on this ring, beginning at 
the nodes, and numbered both ways from them. 
At each ſide of the nodes, and at about 18 de- 
grees diſtant from them, we find this mark ©, 
and at about 12 degrees this ), to indicate 
that when the full moon is got as far from the 
nodes as the mark), there can be no eclipſe of 
the moon, nor any eclipſe of the ſun; when 
the new moon has paſſed the mark O, theſe 
points are generally termed the limits of 
eclipſes. The nodes of the moon do not re- 
main fixed at the ſame point of the ecliptic, 
but have a motion contrary 1 to the order of the 
ſigns. 
TV is a ſmall circle parallel to the ecliptic; | 

it is divided into 12 ſigns, and each ſign into 
30 degrees; this circle is moveable in it's 
| ſocket, and is to be ſet by hand, ſo that the 
fame ſign may be oppoſite to the ſun, that is 
marked out by the annual index. Theſe ſigns 
always keep parallel to themſelves, as they go 
round the ſun; but the inclined plane with it's 
nodes go backwards, ſo that each node recedes 
through all the above ſigns in about 19 years. 
Reis a circle, on which are divided the days 
of the moon's age; X Y isanellipſis,'to repre- 
ſent the moon's elliptical orbit, the direct mo- 
tion of the apogee, or the line of the apſides, 
with the ſituation of the elliptical orbit of the 
3 | 4 moon, 
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moon, and place of the apogee in the ecliptic 
at all times. 


To redify the lunarium. 


Set the annual index on the large ecliptic, 
to the firſt of Capricorn; then turn the plate, 


with the moon's ſigns upon it, until the begin- 
ning of Capricorn points directly at the ſun; 


turn the handle till the annual index comes to 


the firſt of January; then find the place of the 


north node in an ephemeris, to which place 
among the moon's ſigns, ſet the north node of 


her inclined orbit, by turning it till it is in it's 


proper place in the circle of ſigns; ſet the 


moon to the uy: of her age. 


GENERAL PHENOMENA OF THE MooN. 


Having rectified the lunarium for uſe, on 
putting it into motion it will be evident, 
I. That the moon, by the mechaniſm of the 


' inſtrument, always moves in an orbit inclined 
to that of the ecliptic, and conſequently in an 
orbit analogous to that in which the moon 


moves in the heavens, 7 


2. That ſhe moves from weſt to eaſt. 
3. That the white or illuminated face of the 
moon is always turned towards the ſun. 
4. That the nodes have a revolution con- 
| trary 
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trary to the order of the ſigns, that is, from 
Aries to Piſces; that this revolution is per- 
formed in about nineteen years, as in nature. 

5. That the moon's rotation upon her axis 
is effected and completed in about 274 days, 
whereas it is 292 days from one conjunction 
with the ſun to the next. | 

6. That every part of the moon is turned te 
the ſun, in the ſpace of her Oe W 
revolution. 

To be more particular. On turning the 
handle, you will obferve another motion of the 
earth, which has not yet been ſpoken of. 
namely, it's monthly motion about the com- 
mon center of gravity between the earth and 
moon, which center of gravity is repreſented 
by the pin Z. From hence we learn, that it is 
not the center of the earth which deſcribes what 
is called the annual orbit, but the center of gra- 
vity between the earth and moon, and that the 
earth has an irregular, vermicular, or ſpiral mo- 
tion about this center, ſothat it is every month 
at one time nearer to, at another further from 
the ſun. It is evident from the inſtrument, 
that the moon does not regard the center of 
the earth, but the center of gravity, as the 
center of her proper mot ĩon; that the center 
of the earth is furtheſt from the fun at new 
moon, and neareſt at the full moon; that in 
the quadratures the monthly parallax of the 

| earth 
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earth is ſo ſenſible, as to require a particular 
equation in aſtronomical tables. Theſe parti- 
culars were firſt applied to the orrery, by the 
late ingenious Mr. Benjamin Martin. 


Do explain the phaſes of the moan. 

The moon aſſumes different phaſes to us, 
1. on account of her globular figure; 2. on ac- 
count of the mot ion in her orbit, between the 
earth and the ſun, for whenever the moon is 
between the earth and the ſun, we call it new 
moon, the enlightened part being then turned 
from us; but when the earth is between the 
ſun and the moon, we then call it ſull moon, 
the whole of the enlightened part being then 
turned towards us. 

The phaſes of the moon are clearly exhi- 
bited in this inſtrument; for we here ſee that 
half which is oppoſite to the ſun is always dark, 
while that which is next to the ſun is white, to 
repreſent the illuminated part. Thus, when it 
is new moon, you will ſee the whole white part 
next the ſun, and the dark part turned towards 
the earth, ſhewing thereby it's diſappearance, 
or the time of it's conjunction and change:.on 
turning the handle, a ſmall portion of the white 
part will begin to be ſeen from the carth,which 
portion will increaſe towards the' end of the 
7th day, when you will perceive that half of 
the light, and * of the dark ſide, is turned 
towards 


2 2 
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towards the earth, thus illuſtrating the appear- 


ance of the moon at the firſt quarter. From 


hence the light ſide will continually ſhew it= 
ſelf more and more in a gibbous form, till at 
the end of fourteen days the whole white ſide 


will be turned towards the earth, and the dark 


ſide from it, the earth now ſtanding in a line 
between the ſun and moon; and thus the in- 
ſtrument explains the oppoſition, or full moon. 
On turning the handle again, ſome of the 
ſhaded part will begin to turn towards the 
earth, and the white ſide to turn away from it, 
decreafing in a gibbous form till the laſt quar- 
ter, when the moon will appear again as a creſ- 
cent, which ſhe preſerves till ſhe has attained 
another conjunction. 

In this lunarium the moon Iuih always the 
ſame face or ſide to the earth, as is evident from 
the ſpots delineated on the ſurface of the ivory 
ball, revolving about it's axis in the courſe of 
one revolution round the earth; in conſequence 
of which the light and dark parts of the moon 
appear permanent to us, and the phaſes are 
ſhewn as they appear in the heavens. 


The tutor will be enabled by this inſtru- | 


ment to explain ſome other circumſtances to 
his pupil; namely, that as the earth turns round 
it's axis once in 24 hours, it muſt in that time 
exhibit every part of it's ſurface to the inhabi- 
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| them, and they can therefore never have any 
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tants of the moon, and therefore it's luminous 


and opake parts will be ſeen by them in con- 
ſtant rotation. As that half of the earth which 
is oppoſed to the ſun is always dark, the earth 
will exhibit the fame phaſes to the lunarians 
that we do to them, only in a contrary order, 
that when the moon is new to us, we ſhall be 
full to them, and vice verſa. But as one he- 


miſphere only of the moon is ever turned to- 


wards us, it is only thoſe that are. in this 
hemiſphere who can ſee us; our earth will ap- 
pear to them always in one place, or fixed in 
the ſame part of the heavens: the lunarians in 
the oppoſite hemiſphere never ſee our earth, nor 


do we ever view that part of the moon which 


they inhabit. The moon's apparent diurnal 
motion in the heavens is produced by _ daily 


revolution of our carth. 
If we confider the moon with reſpect to 


the ſun, the inſtrument ſhews plainly that one 
half of her globe is always enlightened by the 


ſun; that every part of the lunar ball is turned 
to the ſun, in the ſpace of her monthly or pe- 


riodic revolution; and that therefore the length 


of the day and night in the moon is always the 
ſame, and equal to 144 of our day. When the 
ſun ſets to the lunarians in that hemiſphere 
next the earth, the terreſtrial moon riſes to 


dark 
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dark night; while thoſe in the other hemi- 
| ſphere can have no light by night, but what 
the ſtars afford. | 


Of the periodical and ſynodical month. 


The difference between the periodical 
month, in which the moon exactly deſcribes 
the ecliptic, and the ſynodical, or time be- 
tween any two new moons, is here rendered 
very evident. To ſhew this difference, obſerve 
at any new moon her place in the ecliptic, 
then turn the handle, and when the moon has 
got to the ſame point in the ecliptic, you will 
ſee that the dial ſhews 274 days, and the moon 
has finiſhed her periodic revolution. But the 
earth at the ſame time having advanced in it's 
annual path about 27 degrees of the ecliptic, 
the moon will not have got round in a direct 
line with the ſun, but will require 28 days and 
4 hours more, to bring it into conjunction 

with the ſun again. | 


of legit of the ſun and moon. 


There is nothing in aſtronomy more worthy 
of our contemplation, nor any thing more 
ſublime in natural knowledge, than rightly to 
comprehend thoſe ſudden obſcurations of the 
. heavenly bodies that are termed eclipſes, and 
Hh 2 | the 
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the accuracy with which they are now fore 
told. One of the chief advantages derived 
by the preſent generation, from the improve- 
ment and diffuſion of philoſophy, is delivery 
from unneceſſary terror, and exemption from 
falſe alarms. The unuſual appearances, whe- 
ther regular or accidental, which once ſpread 
_ conſternation over ages of ignorance, are now 
the recreations of inquiſitive ſecurity. The 
ſun is no more lamented when it is eclipſed, 
than when it ſets; and meteors play their cor- 
ruſcations without prognoſtic or prediction.” 
I have already obſerved, that the ſun is 
the only real luminary in the ſolar ſyſtem, and 
that none of the other planets emit any light 
bur what they have received from the ſun; 
| that the hemiſphere which is turned towards 
3 the ſun is illuminated by his rays, while the 
other ſide is involved in darkneſs, and projects 
a ſhadow, which ariſes from the luminous 
body. | ð.ũ 
When the ſhadow of the earth falls upon 
the moon, it cauſes an eclipſe of the moon; 
when the ſhadow of the moon falls upon the 
earth, it cauſes an eclipſe of the ſun. 
An eclipſe of the moon, therefore, never 
happens but when the earth's opake body in- 
terpoſes between the ſun and the moon, that is, 
at the full moon; and an. eclipſe of the ſun 


never happens but when the moon comes in a 
| 5 line 
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line between the earth and the ſun, a is, at 
the new moon. 

From what we have already ſeen 6 the in- 
ſtrument, it appears that the moon is once 
every month in conjunction, and once in op- 
poſition; from hence it would appear, that 
there ought to be two eclipſes, one of the ſun, 
the other of the moon, every month; but this 
is not the caſe, and for two reaſons, firft, be- 
cauſe the orbit of the moon js inclined in an 
angle of about 5 degrees to the plane of the 
ecliptic; and ſecondly, becauſe the nodes of 
this orbit have a progreſſive motion, which 
cauſes them to change their place every luna- 
tion. Hence it often happens, that at the 
times of oppoſition or conjunction, the moon 
has ſo much latitude, or, what is the ſame 
thing, is ſo much below or above the plane of 
the ecliptic, that the light of the ſun will in 
the firſt caſe reach the moon, without any ob- 
ſtacle, and in the other the earth; hut as the 
nodes are not fixed, but run ſucceſſively through 
all the ſigns of the ecliptic, the moon is often, 
both at the times of conjunction and oppo- 
ſition, in or very near the plane of the eclip- 
tic; in theſe caſes an eclipſe happens, either of 
the ſun or moon, according to her fituation. 
The whole of this is rendered clear by the lu-— 
narium, where the wire projecting from the 
earth ſhews when the moon is above, below, 

Hh 3 or 
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or even with the earth, at the times of conjunc- 
tion and oppoſition, and thus when there will 
be, or not, any eclipſes. 

The diſtance of the moon from the earth 
varies ſenſibly with reſpect to the ſun; it does 
not move in a circular, but in an elliptic orbit 
round us, the earth being at one of the foci of 
this curve.* The longer axis of the lunar or- 
bit is not always directed to the ſame point of 
the heavens, but has a movement of it's own, 
which is not to be confounded with that of the 
nodes; for the motion of the laſt is contrary to 
the order of ſigns, but that of the line of apſides 
is in the ſame direction, and returns to the 
ſame point in the heavens in about nine years. 
This motion is illuſtrated in the lunarium by 
means of the braſs ellipſis X V, which is car- 
ried round the earth in little leſs than nine 
years : thus ſhewing the ſituation of the ellip- 
tical orbit of the moon, and the place of the 
apogee in the ecliptic. 

Thoſe who wiſh to extend the application 
of the inſtrument further, may have an appa- 
ratus applied to it for explaining the Jovian 
| and Saturnian ſyſtems, an the motion 


of 


That point of her orbit wherein ſhe 1s Fn the earth 


is called her perigee; the oppoſite point, in which ſhe is fartheſt 


off, is called her apogee. Theſe two points are called her 


 apfeaes, the apogee 18 the __ the perigee che lower 
| 1385 | 
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of their ſatellites, and of the ring of Saturn. 
But as this application would extend the price 
of the inſtrument beyond- the reach of moſt 
purchaſers, I have thought it would be unne- 
ceſſary to deſcribe them; the more ſo, as the 
phenomena they are intended to explain are 
accurately and clearly deſcribed in ſeveral in- 
troductory works of aſtronomy. 

Having ſurveyed and endeavoured to il- 
luſtrate the general phenomena of the heavens, 
let us turn the mental eye towards our Lord, 
who hath made all things in heaven and carth, 
and whoſe tender care is over all. 

« Innumerable worlds ſtood forth at thy 
command, and by thy word they are filled with 
glorious works. 

« Who can comprehend the boundleſs uni- 
verſe? ? or number the ſtars of heaven? 

« Amidft them thou haſt provided a dwel- 
ling for man, that he might praiſe thy name. 

« The ſun ſhineth, and -is very glorious, 
and we rejoice in the light thereof. | 

« We admire it's brightneſs, and perceive 
it's greatneſs; and our earth vaniſhes in com- 
_ pariſon with it. 

« Many worlds are nouriſhed by it, ang i it's 
glory is great. By it's influence the earth is 
cloathed with plenty, and the habitation of 
man rendered exceeding beautiful. 
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« Yet what is this amidſt thy works? is it 
not as a point, and as nothing in the firma- 
ment of heaven? 

« What then is man, that thou art mindful 
of him, or the ſon of man, that thou viſiteſt 
„„ N 

Thy power is circumſcribed by no bounds, 
both great and ſmall are alike unto thee. 

« From the ſun in the firmament of heaven, 
to the ſand. on the ſea-ſhore, all is the ope- 
ration of thy hand. = 1 

* From the cherubim and ſeraphim which 
ſtand before thee, to the worm in the bowels 
of the earth, all living creatures receive of thee 
what is good and expedient for them.” * 

Praiſe then the Lord, O my ſoul, praiſe 
his name for ever and er, 


» See « Hymns to the Supreme Bring, i in imitation ro the 
Eaſtern Songs,” London, 1790. 
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INTRODUCTION. 


TO 


PRACTICAL ASTRONOMY. 


S 


HERE is no part of mathematical ſcience 
more truly calculated to intereſt and ſur- 
prize mankind, than the meaſurement of the 
relative poſitions and diſtances of inacceſſible 
objects. | | 
To determine the diſtance of a ſhip ſeen on 
a remote ſpot of the unvaried face of the ocean, 
to aſcertain the height of the clouds and me- 
teors which float in the inviſible fluid above 
our heads, or to ſhew with certainty the 4 
menſions of the ſun, and other bodies, in the 
heavens, are among the numerous problems 
which to the vulgar appear far beyond the 
reach of human art, but which are nevertheleſs 
truly reſolved by the incontroyertible prin- 
ciples of the mathematics. 
5 | Theſe 
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* Theſe principles, ſimple in themſelves, and 
"eaſy to be underſtood, are applied to the con- 
ſtruction of a variety of inſtruments; and the 
following pages contain an account of their 
uſe in the quadrant and the equatorial. 

The poſition of any object, with regard to a 
Ipectator, can be conſidered in no more than 
two ways; namely, as 10 it's diſtance, or the 
length of a line ſuppoſed to be drawn from the 
eye to the object; and as /o i, direction, or the 
ſituation of that line with reſpect to any other 
lines of direction; or, in other words, whether 
it lies to the right or left, above or below thoſe 
lines. The firſt of theſe two modes bears re- 
lation to a line abſolutely conſidered, and the 
ſecond to an angle. It is evident that the diſ- 
tance can be directly come at by no other 
means than by meaſuring it, or ſucceſſively ap- 
plving ſome known meaſure along the line in 
queſtion; and therefore, that in many caſes the 
diſtance cannot be directly found; but the poſi- 
tion of the line, or the angle it forms, with 
ſome other aſſumed line, may be readily aſcer- 
tained, provided this laſt line do likewiſe ter- 
minate in the eye of the ſpectator. Now the 
whole artifice of meaſuring inacceſſible diſ- 
tances conſiſts in finding their lengths, from 
the conſideration of angles, obſerved . about 
ſome other line, whoſe length can be ſub- 

mitted 
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mitted to actual menſuration. How this is 
done, I ſhall proceed to ſhew. 
Every one knows the form of a common 
pair of compaſſes. If the legs of this inſtru- 
ment were mathematical lines, they would 
form an angle greater or leſs, in proportion to 
the ſpace the points would have paſſed through 
in their opening. Suppoſe an arc of a circle 
to be placed in ſuch a manner, as to be paſſed 
over by theſe points, then the angles will be in 
proportion to the parts of the arc paſſed over ; 
and if the whole circle be divided into any 
number of equal parts, as for example 360, the 
number of theſe comprehended between the 
points of the compaſſes, will denote the mag- 
nitude of the angle. This is ſufficiently clear; 
but there is another circumſtance which begin- 
ners are not often ſufficiently aware of, and 
which therefore requires to be well attended 
to: It 1s, that the angle will be neither en- 
larged nor diminiſhed by any change in the 
length of the legs, provided their poſition re- 
mains unaltered; becauſe it is the inclination 
of the legs, (and not their length, ) or the ſpace 
between them, which conſtitutes the angle. 
So that if a pair of compaſſes, with very long 
legs, were opened to the ſame angle as another 
ſmaller pair, the intervals between their re- 
| ſpective points yould: be very different, but 
the.number of degrees.on the circles, ſuppoſed 
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to be applied to each, would be equal, becauſe 
the degrees themſelves on the ſmaller circle 
would be exactly proportioned to the ſhortneſs 
of the legs. This property renders the ad- 
meaſurement of angles very eaſy, becauſe the 
diameter of the meaſuring circle may be varied 
at pleaſure, as convenience requires. 

In practice, however, the magnitude of in- 
ſtruments is limited on each fide, If they are 
made very large, they are difficult to'manage ; 
and their weight, bearing a high proportion to 


their ſtrength, renders them liable to change 


their figure, by bending, when their pofition 
is altered: but, on the contrary, if they are very 
ſmall, the errors of conſtruction and graduation 
amount to more confiderable parts of the divi- 
fions on the limb of the inſtrument. 


\ 


General PRINCIPLES or CALCULATION. 


Before we proceed any further, I ſhall 
ſlightly notice the general principles of the 
calculations we are going to uſe. 

Plane trigbnomeiry is the art of meaſuring 
and computing the fides of plane triangles, or 
of fuch whoſe ſides are right lines. 

In moſt caſes of practice, it is required to 
find lines or angles whoſe actual admeaſure- 
ment is difficult or impracticable. Theſe ma- 


thematicians teach us to diſcover by the rela- 
tion 
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tion they bear to other given lines or angles, 
and proper methods of calculation. 

Finding the compariſon of one right line 
with another rigbi line, more eaſy than the 
compariſon of a right line with a curve; they 
_ meaſure the quantities of the angles not by the 
arc itſelf, which is deſcribed on the' angular 
point, but by certain lines A about that 
point. 

If any three parts of a triangle are known, 
the remaining unknown parts may be found 
either by conſtruction or by calculation. 

If /wo angles of a triangle are known in de- 
grees and minutes, the@hird is found by ſub- 
tract ing their ſum from 180 degrees; but if 
the triangle be right-angled, either angle in 
degrees, taken from go degrees, gives the other 
angle. 

Before the required fide of a wigngle can 
be found by calculation, it's oppoſite angle 
muſt be given or found. 

The required part of a triangle muſt be the 
laſt of four proportionals, written in order 
one under the other, whereof the three firſt 
terms are given or known. 


Againſt the three firſt terms of the pro- 


portion, are to be written the correſponding 


numbers taken from tables which have been 


conſtructed to facilitate calculation. 
Theſe 
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Theſe tables are called /ogarithms ; and are 
ſo contrived, that multiplication is performed 
by addition, and diviſion by ſubtraction. | 

If the value, then, of the firſt term of your 
proportion be taken from the ſum of the ſe- 
cond and third, you obtain the value of the 
fourth, or quantity required; becauſe the ad- 
dition and ſubtraction of logarithms corre- 
ſponds with the multiplication and diviſion of 
natural numbers. | 

To avoid even the ſubtraction of the firſt 
term, when radius 1s not one .of the propor- 
tionals, ſome chuſe to add the arithmetical 
complement. 8 

To find the arithmetical complement of a lo- 
garithm, begin at the left hand, and write down 
what each figure wants of 9, and what the laſt 
figure wants of 10. The number thus found is 
to be added to the ſecond and third values; 
' the ſum, rejecting the borrowed index, is the 
tabular number expreſſing the quantity re- 
quired: thus the arithmetical complement of 
2.6963564 is 7.30364 36. | 

70 find the logarithm of a given number. 
Here you muſt remember that the integral part 
of a logarithm is called it's index, becauſe it 
denotes the number of figures in the natural 
number anſwering to the logarithm. The 


decimal part of every logarithm belongs equally 
| to 
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to a whole number, a mixed number, or a de- 
cimal number; that is, they are expreſſed by 
the ſame figures, in the ſame order, but the 
index varies according to the value of the ex- 
preſſion. The index of a logarithm is always 
an unit leſs. than the number of figures in the 
integer number, of which it is the logarithm. 

Hence the following general rule for find- 
ing the index of a logarithm. To the left of 
the logarithm, write that figure or figures 
which expreſſes the diſtance from unity, of the 
higheſt place digit in the given number, reck- 
oning the unit's place o, the next place 1, the 
next to that 2, the next to that 3, &c. 

By attending to the following example, it 
will be eaſy for you to find the logarithm of a 
given number, and the number correſponding 
to a given logarithm. 

Thus let the number» be 7854. One co- 
lumn gives the decimal part; the next the lo- 
garithm completed with the indexes. 


Complete Log. 


Number. Decim. Part. 
7854 | 0.895091 | 3.895091 
785.4 O. 89 5091 2.895091 
78.54 O. 895091 1.895091 
7.854 O. 895091 O. 89 5091 
0.7854 0.895091 1.89509 T 
0.07854 o. 895091 2 


895091 


Tables 


* 
* 


n 
3 7 
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Tables of logarithms are alſo conſtructed 
for ſines, tangents, &c. of an arc: theſe are to 
be taken out from the tables, according to 
their reſpective value. | | 

Spherical trigonometry is the ſcience of cal- 


culating the triangles formed on the ſurface of 


a globe, by three arches of great Circles: the 


ſmaller circles of a ſphere are not noticed in 
the calculations of ſpherical trigonometry. 
This ſcience is too intricate to be any way ex- 
plained in this eſſay; we muſt therefore con- 


tent ourſelves with only giving the propor- 
tions neceſſary to anſwer our purpole.. 


Or THE QUADRANT, AND IT's Usss. 


Every circle being ſuppoſed to be divided 
into 360 equal parts, or degrees, it is evident 
that go degrees, or one-fourth part of a circle, 
will be ſufficient to meaſure all angles formed 


between a line perpendicular to the horizon, 
and other lines which are not directed to points 
below the level. Fig. 1, pl. XIV, is a drawing 
of a very ſimple and uſeful inſtrument of this 


kind. A B C is a quadrant mounted upon an 
axis and pedeſtal: by means of the axis, it may 
be immediately placed in any vertical poſition, 
and the pedeſtal being moveable in the axis of 
the circle E F, ſerves to place it in the direc- 
tion of any azimuth, or towards any point of 

| the 
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the compaſs. The limb A B is divided into 


degrees and halves, numbered from A; and 
upon the radius B C are fixed two ſights, of 
which B is perforated with a ſmall hole, and 
is provided with a dark glaſs, to defend 
the eye from the ſun's light; and the other 
ſight C has a larger hole, furniſhed with croſs 


wires, and alſo a ſmaller, which is of uſe to 


take the ſun's altitude by the projection of 


the bright image of that luminary upon the 


oppoſite fight. From the center C hangs 
a plumb-line C P. The horizontal circle 


FE is divided into four quadrants of go de- 


grees; and an arm E, connected with the pe- 
deſtal, moves along the limb, and conſequently 


ſhews the poſition of the plane of the qua- 
drant, as will hereafter be more minutely ex- 
plained. Laſtly, the ſcrews G, H, I, render it 
very eaſy to ſet the whole inſtrument ſteadily 
and accurately in it's proper poſition, notwith- 
ſtanding any irregularity in the table or ſtand 
it may be placed upon. 

The rationale of this inſtrument is very 
clear and obvious. It is uſed to meaſure the 
angular diſtance of any body, or appearance, 
either from the zenith or point immediately 

above our heads, or from the horizon or level: 

The plumb-line C P, if continued upwards 

from C, would be directed to the zenith Z; 


and the line C L, n to be drawn from 
11 the 


ad m 
\ 1 
. —— ö . I _s nj 
— — 
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the center of the quadrant to an object L, will 
form an angle L CZ, which is the zenith diſ- 
tance, and is equal to the angle B CP, formed 
between the oppoſite parts of the fame lines. 
We ſee, therefore, that the degrees on the arc, 
comprehended on the limb of the quadrant, 
between the plumb-line and the extremities 
next the eye, meaſure the angle of zenith diſ- 
tancc. . 

Again, the 1 CK forming a cight angle 
with the perpendicular C Z) is level, or hori- 
zontal; the angle LC K muſt therefore be the 
altitude or elevation of L above the horizon; 
and this laſt angle muſt be equal to the angle 
meaſured between the plumb-line and the end 
A fartheſt from the eye; becauſe both theſe are 
equal to the quantity which woyld be left, after 
taking the zenith diſtance from a FRI angle, 
or the whole quadrant. 

The determination of the altitude or zenith 
diſtance of an object is not ſufficient to aſcer- 
tain it's place, becauſe the object may be 
placed in any direction with reſpect to azi- 
muth, or the points of the compaſs, without 
increaſe or diminution of it's altitude. Hence 
it is that an horizontal graduated circle is a 
neceſſary addition to a quadrant which is not 
intended to be always uſed in the ſame plane. 
The bearing or poſition of an object relative to 
the cardinal points, together with the altitude, 

ö 1 
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is ſufficient to aſcertain the place of any object 
or phenomenon. 

After this ſhort account of the general 
principles of the quadrant, I ſhall proceed to 
ſhew ſome of the leading problems reſolved 
by it. 


ProBLEM I. 


To adjuſt the quadrant for obſervation. 


1 


The quadrant is adjuſted for obſervation, 
when it's plane continues perpendicular to the 
horizon in all poſitions of the line of ſight. 

To effect this, bring the index to 90 on 
the horizontal circle, and turn one or both of 
the ſerews which are fixed oppoſite 609, till 
the plumb-line lightly touches the plane of 
the quadrant; then turn the index to o, and 
make the ſame adjuſtment by means of the 
ſcrew at oo, and the quadrant is ready for ob- 
ſervation. 

Or otherwiſe; ſer the index at oo, and ob- 
ſerve the degree marked by the plumb- line on 
the limb; then turn the index to the other oe, 
which is diametrically oppoſite, and obſerve 
the degree marked by the plumb-line: if it 
be the ſame as before, there will be no occaſion 
to alter the ſcrews at 60% but if otherwiſe, one 
or both of thoſe ſcrews muſt be turned, till the 
plumb-line interſects the middle degree, or 
| 1 8 part, 
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part, between the two. After this operation, 
the degree marked by the plumb-line muſt be 
obſerved, as before, by ſetting the index at 
both the oe, and the adjuſtment of the plumb- 
line to the middle diſtance muſt be made by 
the ſcrew at o, taking care not to touch the 
other ſcrews. | 

The latter method of adjuſtment, being 
more accurate in practice, may be E after 
the former. 
I The larger or more expenſive inſtruments 
have apparatus for ſetting the axis of motion at 
right angles to the planes of the horizontal 
circle and quadrant, the line of fight or colli- 
mation parallel to the radius paſſing through 
90e, &c. &c. In ſmall inſtruments, theſe ad- 
juſtments are made by the workman. 


INTRODUCTORY PROBLEMS. 


PROBLEM II. 


To find the diſtance of an object on the tarth, by 
' obſervations made from two ſtations on the - 
' ſame level. | 


OBSERVATIONS. 


Chuſe two ſtations, between which the 
ground is level, and place a viſible mark on 
each. The diſtance between them ought not 


to be leſs than the ſeventh or eighth part of the 
eſtimated 
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_ eſtimated diſtance of the objects, and neither 
ſtation ought to be conſiderably nearer the ob- 
ject than the other. Meaſure the diſtance be- 
tween the ſtations, by means of meaſuring 
poles, a chain, or a piece of ſtretched cord. 
From one ſtation direct the quadrant to the. 
object, by looking through the hole in one 
ſight, and moving the upright axis abour, till 
the object is ſeen through the hole in the 
other, exactly at the interſection of the croſs 
wires. Obſerve the degrees and parts ſhewn 
by the index on the horizontal circle, then di- 
rect the quadrant in the ſame manner to the 
mark of the other ſtation, and obſerve the de- 
grees and parts ſhewn by the index. The 
number of degrees and parts intercepted be- 
tween this and the former poſition of the index, 
is the angle at the firſt ſtation. The ſame 
operations repeated at the ſecond ſtation, will 
give the angle at that ſtation. 

Ihus let F, fig. 1, plate XV, be the object, 
A, B, the two ſtations 880 feet diſtant from 
each other; the angle obſerved at A found to 
be 83 45', that obſerved at B 85 15. 

Solution. Take the ſum of the two ob- 
ſerved angles from 180%, and the remainder 
will be the angle under which the two ſtation- 
marks would be ſeen from the object. Let 
F be the object, A and B the two ſtations, the 
angle at A found by obſervation to be 83 45 

113 that 
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that at B 8 5 15 the ſum of theſe two angles is 
| 1699, which, taken from 1809, gives 11* for 
the value of angle F. 
Then as the ſine of angle 
F, at the object 11 0& 9g.2805988 
Is to the ſine of angle A at | - 
one ſtation A —- 83* 45' 9.99741 10 


| So is the diſtance AB be- 
E tween the ſtations . 880 2.9444827 
U To the diſtance of the ob- 

ject B F from the other — — 


9 x 4584.5 feet 3.6612949 


Solution of the problem by protraction. From 

a ſcale of equal parts, lay down a right line to 

repreſent the meaſured baſe. By means of the 
protractor, or by the line of chords, draw a line 
from each extremity of the baſe, forming an- 
gles equal to thoſe actually obſerved ; continue 
theſe lines till they interſect, 

The interval between the point of inter- 
ſection at one extremity of the baſe being 
taken between the compaſſes, and applied to 
the line of equal parts, will new the diſtance 
between the object and the Nation repreſented 
by that extremity. 

This problem may, in caſes. of ſmall diſ- 
tance, be conveniently applied to a bale line 
meaſured within a room, and the obſervation 
taken out at the windows, 


PRo- 
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PROBLEM III. 
To find the beight of a.ſpire, a mountain, or any 
other elevation. 

Caſe 1. When the diſtance D E, fig. 2, 
plate XV, of the point F immediately beneath 
the object can be meaſured.* Nh 

Obſerve the angle of altitude CDE with 
the quadrant, by viewing the ſummit through 
the ſights, and noting the degrees and parts 
indicated by the interſection of the plumb- 
line; meaſiire alſo the horizontal diſtance ; 
let the angle CDE be 4% 30, the line DE 
1oo feet. | 
Then as radius „ I 0.0000000 
To the tangent of / C DE A7 30 10.0379475 
So is the meaſured diſtance DE 100 2.0000000 


To the height required, 109.5 - 2.0379475 
Or by conſtruction. Draw a right line 
equal to the meaſured baſe, taken from a ſcale 
of equal parts. 1 
Erect a perpendicular from one extremity, 
and from the other draw a line inclined to- 
wards the perpendicular, and forming an angle 
with the baſe, equal to the obſerved angle. 
The interval between the interſection of 
this laſt line, and the perpendicular, and the 
lower extremity of the perpendicular itſelf, 
114 being 
* As the point cannot conveniently be taken from the 
ground, you muſt add the height of the eye at the obſerva- 
tion, to the height found. 
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being taken in the compaſſes, and applied to 
the line of equal parts, will ſhew the height 
required. 

| Caſe 2. When the diſtance of the point 

| | A immediately beneath the ſummit cannot be 

| 


meaſured. 
Find the 1 by prob. ii, and the 
height by caſe 1, of this problem. 
Or otherwiſe meaſure a baſe line D C, 
| fig. 3, plate XV, directly towards the object, 
=_ - and take the altitude from each end of the 
= baſe. 

Let D C, the baſe, be 100 feet, the angle ob- 
ſerved at C 320%, the angle at D 58e ſubtract 
the leſſer altitude from the greater, and the dif- 
ference is the angle B 260. | 

Then as the fine of this differ- 


—— Bs CW ——— 
* 


ence 26 — — 9.641 8420 
Is to the ſine of the leſſer alti- 

tude 320 — — 9.7242097 
So is the baſe line 100 — 2.0000000 


To the direct diſtance between 
the ſummit and nearer end of 


the baſe line * 2 2.0823677 
; | And, : 9487 ITT "pan 
As radius or angle A9 - 10. 
Is to the ſine of the greater alti- 
tude 5 80 - — -  9.9234205 
So is the diſtance laſt found 2.0823677 


To the height required, 102.51 feet 2.0107822 
| | | Or 
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Or by conſtruction. Set off the baſe line, 
and from it's extremities draw lines inclined to 
the baſe in the reſpective angles obſerved, but 
in ſuch a manner, as that the leſs angle may be 
formed by the baſe itſelf, and the greateſt by 
the prolongation of the baſe. 

Theſe lines will interſect. 

From the point of interſection let fall a 
perpendicular on the prolongation of the baſe, 
and it will give the height required. 

The firſt method of ſolving this caſe is in 
general the beſt in practice. It is for the moſt 
part much more eaſy to find a baſe ſufficiently 
long and level between two ſtations, nearly 
equi-diſtant from the eminence, as the firſt re- 
quires, than in a direction towards it, becauſe 
the ground uſually riſes irregularly towards 
mountains. And in the latter caſe alſo, if the 
difference between the two altitudes be not 
very conſiderable, the reſult will be rendered 
erroneous by a very ſmall inaccuracy of ob- 
ſervation. | 


PROBLEM IV. 


To plot a field by a baſe line meaſured within 
| the field. 


Set up marks in the corner of a field, and 


meaſure a line. in the field in ſuch a direction, 
| as 
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as that it may be ſet as far as poſſible from 
pointing towards any of the angles. 

Direct the ſights from one end of the baſe 
to each of the angles ſucceſſively, and alſo to 
the other extremity of the baſe, carefully noting 
the degrees: and parts of the horizontal circle 
marked out by the index. Repeat the like 
operations at the other end of the baſe line. 

Confiruttion. Draw a faint line upon paper, 
upon which ſet off from a ſcale of equal parts 
the meaſured baſe. From it's extremities draw 
lines, forming the reſpective angles obſerved. 
The interſections of thoſe: lines will ſhew the 
corners, or angles, of the field, and muſt be 
Joined by right lines. 

This problem being nothing more than a 
determination of the poſition of the angular 
points with reſpect to the/baſe line, by prob. 11, 
will be more accurate in practice, the more 
nearly the conditions there expreſſed are ad- 
hered to. Ifa baſe line cannot be had in view 
of all the angles, and in a convenient poſition, 
two or more baſe lines may be meaſured, and 
connected together by the obſervation of the 
requiſite angles; or the three {ices of a triangle 
may be nicaſured in the field, according to the 
diſcretion of the ingenious learner, and the 
bearings of the corners of the field taken from 
ſuch extremities of any of theſe meaſured lines 
as are beſt adaptcd to the purpoſe, 

AL. 
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As this method is far from being labo- 
rious, the ſtudent will do well to meaſure the 
field twice, but from a different baſe each 
time, | 

It may be proper to obſerve, for the uſe of 
ſuch as are unacquainted with ſurveying of 
land, that the Engliſh acre is 4840 ſquare 
yards, and that land is moſt conveniently mea- 
ſured by the Gunter's chain, of 22 yards in 
length, divided into 106 links; becauſe the 
ſquare chain, or 22 multiplied by 22, equal to 
484, is exactly the tenth part of an acre. 
If the plot of a field meaſured in chains and 
links be therefore made upon paper, and di- 
vided into a number of triangles, by drawing 
right lines within it, the baſe and perpendi- 
cular of each triangle may be meaſured from 


the ſcale of equal parts, and half their product 


will be the area of the triangle in ſquare 


chains; the ſum of all the areas of the triangles 
will be the area of the field; which divided by 
10, will ſhew the number of acres ; the remain- 
ing decimal fraction multiplied by 4, gives the 
roods ; and the decimal part of this laſt pro- 
duct multiplied by 40, gives the perches. : 

In the following example is a more ready 
method of obtaining the contents. 

Example. Let ABC D E F, fig. 4, pl. XV, 
be the field, in which I aſſumed two ſtations, 
P, Q, at the diſtance of 10 chains from each 


other. 
From 
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From P, I obſerved the following angles : 
to be 21% 20'; ABP 49% 10; BPC 
5% 1a; CPD 29% j DPE G 25; EPF 
79 16. 

From the ſtation Q, I obſerved the follow- 
ing angles: PD 10 40; DQ C182 30; 
COB 42 O0; BQA 67205. AQPF is 
equal to A Q O added to EO; that is, 137% 
F E 62* 52. 

Solution, . Conſtruct the figure as cen 
and divide it into two trapeziums, DC B A, 
and D E F A; then apply the perpendiculars 
QC, HB, LD, I F, and the diagonals BD, 
AE, and the ſide A D, to a ſcale of equal 
parts, and you will obtain the area near the 
truth.* But it may be obtained accurately by 
1 Trigonometry. 

1. In the triangle A Q B you will find QA 
10.428, QB 15.198, and the "Rte A 1 701 
675 5. 

2. In the triangle BP Q, you find QB 
15.198, BP 15.259, the angle BP Q 38% 20. 

3. In the triangle QPC we have PC 
12,404, PB 15.259, angle BP C 57% 12. 

4. In the triangle Q PD we find PD. 941, 
PC 12.404 C PB 259 4 | 

5. In the triangle QP F we have PE 

ae „ 
6. In 
*The angles are in ſome inſtances in this example aſ- 


ſumed too oblique to be aſcertained with accuracy in practice, 
but anſwer fully the purpoſe of illuſtration. 
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6. In the triangle PF we obtain PF equal 
16.820, QF 14.471, angle PF Q 36 18˙1 

7. In the triangle EP F, PE is 10.950, 
PF 16.820, angle EP F 79 160. 

8. In the triangle AF, F is 14.471, 
A Q 10.428, angle AF 137. 

Now writers on menſuration have ſhewn, 
that if you add the logarithms of the two ſides 
of a triangle and the included angle together, 
the ſum, rejecting radius, will be the loga- 
rithm of double the area of that triangle. By 
this method we find, 

I, the double area of A A QB to Ba 145.984 


45 — — — BPO — 143.844 
J (- BC = 
+ <6 - - — CPD — 54.895 
55 — — DPE — 38.304 
6. 3 — PF — 144.105 
* - - - EPF — 180.964 
8. 323 _AOF. — an 


Divide by 2) 1020. 155 


510.077 


The young ſtudent in trigonometry will 
find the ſolution of this problem no con- 
temptible exerciſe; he may likewiſe, if he has 
a ſufhcient degree of patience and induſtry, 
find every line drawn in the figure, 


Pko- 
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PROBLEM v. 


'To plot a field, by meaſuring the fa des and 


angles. 


Set up marks at each of the angles, and at 
every one of theſe marks direct the quadrant to 
the two adjacent marks on each fide. The 
number of degrees and parts between the two 
poſitians of the index on the horizontal circle, 


will ſhew the angle at the ſtation where the 


obſervation is made. Meaſure the diſtance to 
the next ſtation, and obſerve the angle there in 
the fame manner. And thus proceed com- 
| pletely round the field. 

Conftruion. From the ſcale of equal parts 
draw aline equal to the firſt meaſured fide, and 
from it's extremities draw two lines, forming 
angles equal to thoſe actually obſerved. 

Make theſe laſt lines equal to the ſides they 
repreſent, and from their extremities draw two 
other lines at angles 1 found by ob- 
ſervat ion. 

Proceed thus till the WE field is plotted. 

When all the angles of a field are thus mea- 
ſured, their ſum, if the operation has been truly 
made, will be equal to twice as many right an- 
gles, deducting four, as there are angles in all, 


provided they be all in ward angles. But if any | 
of 
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of them be outward angles, their reſpective ſup- 
plements to 360 muſt be taken in making up 
the ſum inſtead of the angles themſelves. When 
the ſum proves either greater or leſs than juſt 
the figure, it will not anſwer on paper; and as 
obſervations made with ſmall inſtruments can- 
not be expected to be free from perceptible 
errors, it will be expedient to correct the an- 
gles by adding or ſubtracting ſuch defect or 
evceſs, to or from all the angles, in proportion 
to their magnitude, or more readily in equal 
proportions among them. 

This way of meaſuring 1s much uſed in 
America, by the meaſuring wheel and mari- 
ner's compaſs, and is applicable to extenſive 

- woody or mountainous tracts of land, where 
great accuracy is not required. It may alſo 
be uſed in conjunction with other methods, 
for delineating a ſea-coaſt, &c. 

The following example will ſhew how you 
may obtain the contents of the field. 

Example. In ſurveying the field AB CDE, 
fig. 5, plate XV, I obſerved at A the angle 
FA E to be 519 13% at B the angle CBG was 
699 30, at C the angle A CB was 39%, and 
the angle AC D785; at D the angle ED H 
was 88“ 40, and at E the angle CEA 54 205 
the ſide A B meaſured 1940 links, BC 1555, 
CD 2125, DE 2741, and EA 1624. We 
have now to find the area of the field, 

; Subtract 


—  — — _  — 
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Subtra& the angle CBC 69 30 from 
180, and you have the angle CAB 1109 307; 
to which if you add the angle A C B 39%, and 
ſubtract this ſum from 180, you obtain the 
angle CAB 30? 23'. We find by trigonometry 
AC to be 288 links. The ſum of the angles 
E A F and CAB, taken from 1809, gives the 
angle EAC 989 24. Laſtly, ſubtract the 
angle H D E from 180, and you get the angle 
EDC.g1* 20, | | 

Then, by the preceding problem, in the 
triangle A B C we obtain from the two ſides 
AB, BC, and the included angle ABC, the 
double area — F 28256 8 
In the triangle EA ©; FRE the ſides 
AC, AF, and angle EAC — 4625146 
In the triangle ED C from the ſides 
D E, D C, and angle ED C — 5823047 


23273857 
Area 66. 36925 


Anfeeer, 66 acres, 1 rood, 19 perches. 


If he angles had been meaſured with 2 
mariner's compaſs, they muſt have been ar- 
ranged in a traverſe table ſimilar to plane 
' failing in navigation, and the content found 


by the method ſhewn in my Graphical Eſſays. 


PRo- 
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PROBLEM vi. 


To find the altitude and height of fire-balls, and 
other meteors, in the atmeſphere, 


Though the extreme velocity and tran- 
fient nature of fiery meteors in the atmoſphere, 
in a great meaſure prevents the making of ſuch. 
obſervations as might tend to aſcertain their 
diſtance, yet they form a ſubject of inquiry ſo 
curious and intereſting, as renders ſuch as can 
be made of great value. An obſerver, who 
perceives an appearance of this kind, ought 
carefully to note the buildings, trees, ſtars, &c. 
near which it paſſes; and, as ſoon afterwards as 
convenient, take their altitude and bearings. 
If two ſuch obſervations be taken by perſons at 
different places, ſufficiently diſtant from each 
other, the diſtance on the earth may be conſi- 
dered as the baſe, and from this and the two 
obſerved angles the height of the meteor may 
be found by problem ii. 

By obſervations of this kind it has been 
found, that the larger fire-balls are elevated 
about 60 miles above the earth's ſurface, and 
that ſome of them are near five miles in dia- 
meter. 


PRO- 


KK 
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PrRoBLEM II. 


To find the height of a cloud, by obſervation of a 
flaſh of lightning. 


If the altitude of that part of a cloud, from 
which a flaſh of lightning has iſſued, be imme- 
: diately taken with the quadrant, and the num- 

ber of ſeconds of time elapſed between the 
inſtant of the flaſh, and the firſt arrival of the 
thunder, be reckoned, theſe data will be ſuffi- 
cient to determine the height of the thunder- 
cloud. For found is admitted to paſs. through 
1142 feet in a ſecond; but light has ſuch an 
extreme velocity, that it paſſes through thirty- 
- five thouſand miles in a ſecond, and may there- 
fore be reckoned inſtantaneous in all obſerva- 
tions upon the earth. Hence it follows, that 
rhe number of ſeconds obſerved, multiplied by 
1142, will give the diſtance of the cloud in 
feet; and 
As radius 
Is to the ſine of the obſerved angle; 
So is the diſtance of the a 
To it's height. 
Example. Suppoſe the angle of clevation 
CAB, from which a flaſh of lightning iſſued, was 
53* 8', and that between the flaſh and the report 


of the thunder 5 ſeconds were counted; then 
1142 


PRACTICAL ASTRONOMY. 499 


1142 feet multiplied by 5 gives 5710 feet for the 
diſtance of the cloud. Fig. 6, plate XV. 


And as radius or ſine of 90 10.0000000 - 
Is to the fine of the obſerved an- | 
. = 99031084 


So is the diſtance of the cloud 5710 3. 3-7566361 


To it's height 4568 feet = 3-6597445 


Or by conſtruction, From a point in any 
right line, draw another right line, forming the 
obſerved angle. Set off on this left line, from 
the angular point, the diſtance of the cloud, 
taken from a ſcale of equal parts. From the 
extreme of the laſt- mentioned line let fall a 
perpendicular on the other line; and this per- 
pendicular will be the height required. 

It the flaſh of lightning ſtrike directly 
down, the height of the cloud will alſo be the 
length of the flaſh. But this is not often the 

caſe. 8 
| * 


PROBLEM VIII. 


To determine the beight of a cloud by obſervations. 
on it's altitude and velocity. 


When the ſky abounds with detached clouds, 
moving with conſiderable velocity, it is eafy to 
determine the degree of ſwiftneſs, by obſerv- 
ing the progreſs of their ſhadows which pa 
. K k 2 along 
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along the ground. For this purpoſe nothing 
more is neceſſary, than to note the inſtants of 
time when one of theſe ſhadows paſſes over two 
objects, ſuch as hedges, trees, 8c. lying in it's 
direction; and to meaſure the interval paſſed 
over during the intermediate time. When 
this velocity is thus found, place the plane of 
the quadrant in the direction of the wind, and 
ſetting the ſights to a conſiderable altitude, to 
be written down, take notice of ſome remark- 
able edge of a cloud, which paſſes acroſs the 
wire in the aperture of the fartheſt ſight, giv- 
ing notice at the ſame inſtant to an aſſiſtant to 
note the time. Then move the quadrant on it's 
axis twenty or thirty degrees, and give the like 
notice to the aſſiſtant when the ſame part of 
the cloud paſſes the wire; write down this laſt 
altitude. The perpendicular height of the 
cloud will be found by the following propor- 


tions, 


As the number of ſeconds obſerved when the 

ſhadow of the former cloud was ſeen on the 

ground | 

ls to the number of ſeconds elapſed between the 

two obſervations with the quadrant; 

So is the diſtance meaſured on the ground 

To the diſtance paſſed through by the cloud 
(whoſe altitude was taken) during the time 


of obſervation. 
| Then, 


PRACTICAL ASTRONOMY. 501 


Then, | 
As the ſine of the difference between the two 
altitudes | 
Is to the ſine of the leſs altitude; 
So is the diſtance paſſed over by the cloud, 
To it's diſtance from the obſerver, when the 
greater altitude was taken. 
And laſtly, 
As radius 
Is to the ſine of the greater altitude; 
So is the diſtance laſt found 
To the perpendicular height of the cloud. 

Example. The ſhadow of a cloud was ob- 
ſerved to paſs over 1230 yards in 50 ſeconds; 
it's altitude at that inſtant was 41 degrees; 
three minutes after, it's altitude was 11 degrees 
37 minutes: to find it's height. 

Nov the ſpaces deſcribed by bodies moving 
with equal velocity, are as the times of deſcrip- 
tion ; therefore, by the firſt part of the rule, as 
50 ſec. to 180 ſec. ſo is 1230 yds. to 4428 yds. 
the diſtance paſſed over by the ſhadow during 
the obſervation. 

But the progreſſive motion of the ſhadow 
from B to C, fig. 7, plate XV, during the elapſed 
time between the obſervations, is the ſame as if 
the obſerver had moved in the ſame time from 
B towards A; or the effect would be exactly the 
ſame if an obſerver at A took the leſs altitude, 
while another at B took the greater altitude at 


7 
* 


EDS the 
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the fame inſtant. Hence the ſecond part of 
the rule is evident; for ADE is the comple- 
ment of the leſs angle, and B DE that of the 
greater. The difference of theſe complements 
is equal to the angle A D B; but the difference 
of the complements muſt be equal to the differ- 
ence of the altitudes ; therefore, by the ſecond 
part of the rule, | f 
As the fine ADB of the difference 

between the two altitudes 29 38' 9.6907721 
Is to the ſine of the leſs altitude | 

A = 93039794 
So is the diſtance A B paſſed over 

by the cloud 4428 yards — 36462076 


t. — 


12-9 501 870 
9.6907721 | 


— 


To it's diſtance at the time of the 5 
greater altitude B D 1817.2 yds. 3. 2594042 


Laſtly, by the laſt part of the rule, ſee like- 
wiſe the rule to problem viii. 


As radius ſine of ge 10. I 
Is to fine of greater altitude 4x 9.8169429 
So is the diſtance BD 1817.2 = 3.2594049 


To the perpendicular height DE 


ah 2 yards -. = .3-0703478 


PRINx- 
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PrarwereLes AND PROBLEMS PREPARATORY To 
THE APPLICATION OF THE INSTRUMENTS 
ro PracTICaL ASTRONOMY. 


By practical aſtronomy is underſtood the 
knowledge of obſerving the celeſtial bodies, 
with reſpect to their poſition, and time of the 
year; and of deducing from theſe obſervations 
certain concluſions, uſeful in calculating the 
time when any propoſed poſition of thoſe bo- 
dies ſhall happen. 


Or TRRESTRIAL LATITUDE. 


The latitude of any place is equal to the 
elevation of the pole of the equator above that 
place. 

The diſtance between the zenith and 30 

horizon, and that between the pole, is equal, 
for each of them are 90 degrees. If, there- 
fore we take away the diſtance of the zenith 
from the pole, which is common to both, the 
remainder, that is, the elevation of the pole, 
or latitude of the place, is equal to the 8 
from the zenith to the equator. 
I The diſtance from the zenith to the pole, 
is equal to the neee of the latitude to 
90 degrees. 

The inclination of the W to the hori- 

Kk 4 on, 
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Zon, is alſo equal to the er of the 
latitude to go degrees.“ 

All thoſe ſtars that are not further 1 the 
pole than the latitude, are called e 


| ſtars. | 
If the greateſt and leaſt 2 of a cir- 
cumpolar ſtar be determined by obſervation, 
half the ſum gives you the /atitude of the 


place. _ | 
The complement of the meridian altitude 


of a ſtar is it's zenith diftance ; and this is called 
| north 


* In fig. 5, plate III, P repreſents the pole, EQ the 
equator, H O the horizon, P H the elevation of the pole, 
2 the zenith. HZ O, or the viſible part of the heavens, con- 

- . tains twice go, or 180 degrees; it being 90 degrees from Z 
to H, and go degrees from Z to O: but it is alſo go from the 
pole P, to E the equator. If you take away PE, there re- 
main go degrees for the other two arcs. In other words, the 
elevation of the pole and the elevation of the equator . are 
together equal to go degrees; 7. e. in technical terms, the ele- 
vation of the pole is the complement of the elevation of the 
equator to go degrees. Hence one 285 known and ſub- 
trated from go, gives the other. q Er SIE 
; Hence alſo it is clear, that the elevation of the oquathe 8 
equal to the diſtance of the pole from the zenith, both being 
equal to the diſtance of the pole from o degrees. | 

Hence alſo the diſtance of the equator from the zenith is 
equal to the elevation of the pole, or latitude of the' place ; 
for HZ is equal to go, and PE is equal to go: take away 
PZ, common to both, and the remainders, P H, Z E, muſt be 
equal. : oe 
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north or ſouth, according as the ſtar is north 
or ſouth at the time of obſervation. 

The latitude of a place is equal to a ſtar's 
meridian zenith diſtance added to the declina- 
tion, if the ſtar paſſes between the zenith and 
the equator. In all other caſes, the lalilude is 
the difference between the meridian zenith 
diſtance and the declination of the ſtar, 

The greateſt declination of the ſun, is equal 
to the inclination of the ecliptic to theequator. 

The inclination of the equator to the eclip- 
tic, is equal to half the difference between'the 
ſun's meridian altitudes on the Jongeſt and 
ſhorteſt days. 


The latitude of the place, and the zenith diſtance 
of a. ſlar, being given, to find the declination 


Ee the Har. 


1. When the latitude of the place and ze- 
nith diſtance are of different kinds, that is, one 
north, and the other ſouth, their difference is 
the declination; and it is of the ſame name 
with the latitude, when that is the greater of 
the two; otherwiſe it is of the contrary kind. 
2. When the latitude and zenith diſtance 
are of the ſame kind, that is, both north, or 
both ſouth, their /um is the declination, and * 
is of the _ kind with the latitude. 


* 
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Or CrIESTIAL Loncitupt, LatITupE, &c. 


It has been already obſerved, that in order 
to meaſure and eſtimate the motion of the 
ſun and ſtars, it was neceſſary to fix on ſome 
point in the heavens to which their motions 
might be referred. The vernal equinoial 
point is that point from which aſtronomers 
reckon what is called longitude in the celeſtial 
ſphere. The ecliptic is divided into twelve 
figns, of 30 degrees each, with whoſe names 
and characters you are acquainted. Aſtrono- 
mers begin at the firſt point of Aries, and 

reckon from weſt to eaſt. 

; Celeſtial longitude is therefore the Wunder 
of degrees on the ecliptic contained between 
the firſt point of Aries and any celeſtial object, 
or between the firſt point of Aries and a circle 
paſſing through the object perpendicular to 
the ecliptic. Thus if Fc, fig. 8, plate XV, 
repreſents the ecliptic, and V the: firſt point 
of Aries, and any ſtar be at 8 on the ecliptic, 
or at s on a circle ps S, perpendicular to the 
ecliptic, then will the arch IS be the longi- 
tude of the ftars S, 8. 

The latitude of a celeftial object? i is it's dis. 
tance from the ecliptic, reckoned on a circle 
perpendicular thereto. Thus a ſtar at s, fig. 8, 
* XV, will have for latitude the arc Ss; 

. but 
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but placed at S on the ecliptic, will have no 
latitude. 

As the diurnal motion is in the direction 
of the equator, aſtronomers, to facilitate both 
obſervation and calculation, found it neceſſary 
to determine the ſituation of celeſtial bodies 
with reſpect to this circle, which 1s effected by 
determining their right aſcenſion and decli- 
nation. Right aſcenſion and declination are, with 
reſpe& to the equator, what /ongitude and lali- 
tude are with reſpect to the ecliplic. Thus if 
2 repreſent the equator, and Y the firſt 
point of Aries, then will Y E be the right 
aſcenſion of a ſtar ſituated at E on the equator, 
or at e in a circle e E perpendicular thereto? 
the ſtar at E will have no declination, but that 
at e is meaſured by the arch e E. 


GENERAL OBSERVATIONS. 


To fix your attention, with greater cer. 
tainty, to the objects of reſearch, it may be 
proper to obſerve, that as practical aſtronomy 
conſiſts in determining the poſition of celeſtial 
objects for a given inſtant, it may be reduced 
to three things. 

1. The knowledge of the. obliquity of the 
ecliptic. | 
2» The meaſure of time. | 
4 Ts 
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3. The right aſcenſſons and declinations of the 
Pars, &c. 5 


Or THE OBLIQUITY or Tat EcIIPTIc. 


The obliquity of the ecliptic is a very 
important element of aſtronomy, becauſe it 
enters into the calculation of all ſpheric tri- 
angles where the ecliptic and equator are con- 
cerned. 5 

The obliquity of the ecliptic being equal to 
the ſun's greateſt declination, i. e. when in 
the tropics, the obliquity may be aſcertained 
by obſerving the meridian height of the ſun's 
center on one of the ſolſtitial days; and this 
quantity taken from the height of the equator, 
at the place of obſervation, gives the declination 
of the tropic. Or, more accurately, obſerve 
the ſun's meridian altitude in each tropic: this 
will give their diſtance, half of which is the 
diſtance of each tropic from the equator, that 
is, the obliquity of the ecliptic. From good 
_ obſervations, made in 1772, this obliquity was 
und to be 23 28. 


- 


Or THE MrasuRtE or Time. 


All aſtronomical obſervations depend on, 
or have a reference to time. To meaſure this 
| with 
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with accuracy, is one of the primary objects of 
an aſtronomer. 

As the diurnal revolution of the earth is 
found to be uniform, they have taken this for 
the meaſure of time, comparing it with the 
ſun. Aftronomers conſider noon as the begin- 
ning of the diurnal revolution; or, in other 
words, an aſtronomical! day commences at the 
inſtant the center of the ſun is in the plane of 
our meridian, and finiſhes when it has returned 
thereto, after one entire revolution. 

The aſtronomical day begins therefore twelve 
hours later than the civil day of the ſame deno- 
mination, and is counted up to twenty-four 
hours, or the ſucceeding noon, when the next 
day begins. Thus the day of the month, and 
the hour of the day, are the ſame in this method 
as iu the civil account at noon, and from noon 
till midnight: but from midnight till noon 
they differ; for in the civil account a freſh day 
begins at midnight, and the hours alſo begin 
again, but in the aſtronomical method the day 
is ſtill continued beyond the midnight. Hence 
five o'clock in the morning of April the 1oth, 
is called by aſtronomers April 9, 17 hours. 

As the earth revolves uniformly on it's 
axis, if it had no real annual motion, and con- 
ſequently the ſun 10 apparent annual motion, 


or if this motion was untform, the days would 
= EY | be 


— 
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be all neceſſarily of one length, and that a 


be about 23 hours 56 minutes, for in that time 


a diurnal revolution of the earth is completed, 
as appears by an eaſy obſervation ; for any fixed 


ſtar that is on the meridian at a given hour of 


the night, will, after 23 hours $6 minutes, be 
on the meridian again the night following. 
This interval of time is called a ſiderial day. 

But accurate obſervations have ſhewn, that 
the /o/ar days are not equal to each other, and 


that the time which elapſes between the ſun's 


being on the meridian of any place, and it's re- 


turn thereto again, is conſiderably longer ſome- 


times than at others. 

Hence aſtronomers have been obliged to 
diſtinguiſh two ſorts of time; one they call ap- 
Parent, the other mean time. 

Apparent time (called by foreign writers 
true time) is that determined immediately from 
the ſun, by obſerving when his center tranſits 
the meridian, which is at the inſtant of appa- 
rent noon, when a new aftronomicel day com- 


Mmences. 


Mean time is that which would be obſerved 
every day, if the apparent diurnal motion of the 
fun was regular; or that ſhewn by good clocks 


or watches, which go uniformly. The mean 


day of 24 hours, pointed out by theſe, muſt ne- 
ceſſarily be always of the ſame length. 


The inequality i in the length of the na- 
tural 
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' tural days is termed the equation of time. Now 
as aſtronomical tables can only be calculated 
to mean or uniform time, the proper reſults 
from an obſervation cannot be obtained, till 

the obſerved or apparent time is reduced to 
mean time; for which purpoſe proper tables 
are calculated, called tables of the equation of _ 
time. 
Ihnheſe are inſerted on the ſecond page of 
every month in the Nautical Almanac, for the 
noon of each day at Greenwich. It is marked 
ſubtractive, when the ſun comes to the meri- 
dian ſooner, and additive, when it comes to the 
meridian later than the time of mean noon; 
that is, the quantity given by the table is to be 
ſubtracted from apparent, in order to obtain 
mean time, in the firſt caſe, and added to it in 
the ſecond. 


Or CorResPonNDING OR EQUAL ALTITUDES. 


At equal diſtances from the meridian, a 
ſtar has equal altitudes. If, therefore, equal 
altitudes of an heavenly body be taken on dif- 
ferent ſides of the meridian, the middle point 
of time between the obſervations will give the 

time when the body is upon the meridian, if it 
has not changed it's declination. By this 
means the /ime when any body comes to the 

' meridian may be aſcertained ; and when ap- 
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plied to the ſun, or a fixed ſtar, the rate at 


which a clock (adjuſted to the mean ſolar or 
fiderial time) gains or loſes may be determined 


with accuracy. 


The method of aſcertaining time by equal 
altitudes is univerſally uſed by practical aſtro- 


' nomers, becauſe it depends neither on an ac- 
- curate knowledge of the latitude, nor on that 


of the declination ; for theſe elements are only 
neceſſary in taking out the equation of declina- 
tion, and any probable error therein will not 
fenſibly affect that equation; neither. does it 
depend on the exact quantity of the altitude, 
provided only it be the ſame in both ob- 
ſervations. 

Or Tn RIGHT Aci de AND DECLINATION 

OF THE STARS. 


The declination of ſtars, &c. is eaſily found 
by obſerving their meridian altitudes ; and their 
right aſcenſion is alſo _y attained by knowing 
how o meaſure time. 

For as all ſtars in the fame circle of decli- 


nation have the ſame right aſcenſion, it fol- 


lows, iſt, That all ſtars paſſing at the ſame 
time through the ſame meridian, have then 
the ſame right aſcenfion. 2dly, The right 


aſcenſions of ſtars paſſing the meridian at 
different 
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different times, differ in proportion to the in- 

tervals of the times of their paſſage, 
Example, The ſtars make a revolution in 

23* 56' 4” mean time. If, therefore, by a clock 


regulated to mean time, and an inſtrument 


fixed in the plane of the metidian, or by corre- 


ſponding altitudes, or otherwiſe, a ſtar be ob- 
ſerved to paſs the meridian one hour after the 
other; ſay as 23" 56' 4”, the time of one revo- 
Iution, is to 3609 of the equator paſſed over the 
meridian in the ſame time, ſo is one hour, the 
difference between the tranſits of the ſtars, to 
15 2' 28”, difference between their right aſcen- 
ſions; then the right aſcenſion of one being 
known, the other is alſo known. 
Whence it follows, that to determine the 
right aſcenſion of any ſtar, or even of all the 
ſtars, it is ſufficient to know the right aſcenſion 
of one ſtar only, and to have a clock which 
ſhews an equal interval of time for the diurnal 
revolution of the ſeveral different fixed ſtars. 


PROBLEM IX. 


To reduce degrees of the equator into time, and 


lime into degrees of the equator. 


1. To reduce degrees into time, multiply 
by 4; obſerving that minutes, when multiplied 
by 4, produce ſeconds, and hy produce 
minutes. 


I Reduce 


— 
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Reduce 23® 56' into time. 


* 
+: 


1 33 44” 


Reduce 69 20 45” into time. 
. 


4 37 * OO hide. 


2. To reduce time into degrees, multiply by 
to in a ſimilar manner, and increaſe the pro- 
duce one-half, or divide the time by 4. 


Reduce 1 33' 44” into degrees. 


15 33' 44” 

10 

15 37 20 
Half 7 48 40 


Degrees 23 26 O 


Reduce 
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Ys Reduce 4* 37' 23” to degrees. 
. 10 


46 13 50 
Half 23 6 55 


Degrees 69 20 45 


Or Rxpuc rio ROM one MERIDIAN ro 
| ANOTHER. ; 


As all the heavenly bodies rife, culminate, 
and ſet, ſooner to thoſe who are towards the eaſt, 
and later to thoſe who are towards the weſt, and as 
all tables and calculations in England for aftro- 
nomy and navigation are adapted to the meri- 
dian of Greenwich, it is neceſſary for thoſe who 
may be under any other meridian, to be able to 
find the time at Greenwich correſponding. to 
that pointed out by their own clocks and 
watches. | . 

Without this reduction no calculations can 
be made from ſuch tables, or from the various 
articles contained in the Nautical Almanac, re- 
lating to the longitude, right aſcenſion and de- 
elination of the ſun, the equation of time, 
moon's motion, &c. ſo as to adjuſt them to an . 
other meridian than that for which they were 
made. 7 | 
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To find the time at Greenwich correſponding with 
any given lime under another meridian. 


1. Find the difference of longitude between 
the-two meridians, or how much the given 
place or meridian is to the eaſt or weſt of 
Greenwich, and reduce this difference to time, 
by the foregoing rule. 

2. If the given place be caſt of Greenwich, 
ſubtract the difference of meridians from your 
time; if it be weſt, add the difference to your 
time. The reſult will give the time it then is 
at Greenwich. 

N. B. The time being given at Greenwich, 
the correſponding time under any other meri- 
dian is found by reverſing this rule. 

Example. What is the time at Greenwich, 
when it is 8 17' 19” at Jeruſalem, 35 30“ eaſt 
of Greenwich, or in time 2* 21' 20”? en 
N ; 

a rol the time at Greenwich, when it 
is 23" 32' 17” at Boſton, on the 12th of June; 
Boſton being 4" 42 29” weſt. An/. 28" 14' 46", 


or 4 14 46" P. M. on the 13th of June. 


What is the time at Jeruſalem, when it is 
21* 49 17”, on the gth of September, at Green- 
wich? Anſwer, 24" 10 37”, or o 10' 37” on 
the 10th of September. 

Again, required the time at Boſton, when 
it 
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it is 3 3 0” on the 1ſt of May at Greenwich? 
Anſwer, 22 54 31” of the laſt day of the pre- 
ceding month, or 10" 54' 31” of civil time, on 
the morning of the iſt of May. 

N. B. To know the time at Paris, Genoa, 
&c. when it is any given time where you are, 
take the difference between your meridian and 
that of Paris, &c. and then proceed as in the 
foreging rule. 1 


To find any of the motions of the ſun or planets, 
the equation of time, right aſcenſion, declina- 
nation, ſemi-diameter, and parallax of the 
moon; alſo the moon's diſtance from the flars, 

for any given time, under any other meri- 
dian. 


Rule. iſt, Find by the preceding problem 
the time at Greenwich which correſponds to 
the time under the given meridian. 2dly, 
Take the daily, the half daily, &c. (according 
to the interval for which you are to calculate) 
variation from the Nautical Ephemeris, and by 
even proportions find the time that corre- 
' ſponds to the interval between this time, and 
that given in the Ephemeris. 3dly, Add or 
ſubtract this variation according: as the motion 
is inc reaſing or decreaſing. 

Example. What is the ſun's declination at 
Greenwich, March 27, 1799, at g'. The rea- 

L13 ſon 
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ſon why Greenwich is mentioned, and not any 
other place, is, becauſe the time, at whatever 
place you may want the declination, is ſuppoſed | 
to be already reduced to that of Greenwich, as 


the firſt ſtep to be attended. to in all ſuch pro- 


blem. 


March 28. Declination at noon 3* 10' 47” N. 


March 27. Ditto ditto 2 47 23 


* 


variation of declination in 24 VE 


—— — 


Variation in 9 hours, per table o 8 46 


Which, added to declination, 2 47 23 


Gives the required declination 2 56 9 


Example. Required the ſun's declination, 
1790, Auguſt 24, 2* at Greenwich? a 
Auguſt 24. Declination at noon 10 58 59 

Tc: Ditto ditto 10 38 16 


Variation in 24 bound”: „ 04 
Variation in 2 haurs 57 min. & 236 
Which ſubtracted from — 10 58 5g 
Gives the declination required 10 56 23 


1 
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PROBLEM x. 


2 find at what time, by a clock keeping mean 
time, any fixed ſtar will be on 00 meridian o on 
any given day. | | 


The right aſcenſion of the ſtars being reck- 
oned on the equator, they paſs the meridian 
ſucceſſively in times proportional to their re- 
ſpective diſtances therefrom. The diſtance of 


ſtar from the meridian, is therefore nothing 


more than it's difference, in right. aſcenſion, 
from the ſun reduced to time; from whence it 
is plain, that to find the time when any ſtar 
comes to the meridian, you muſt ſubtract the 
right aſcenfion of the ſun at noon from that of 
the ſtar; the difference is the time required. 

- This fimple calculation would be ſufficient 
in general for finding the time when a ſtar tran- 
ſits the meridian, if it always preſerved the 
fame difference in right aſcenſion from the ſun: 
but the ſun, by it's diurnal acceleration, ap- 
proaches the ſtar inſenſibly; and will oonſe- 
quently paſs the meridian ſooner, by a quantity 
proportional to this acceleration, and it's diſ- 
tance from the ſun. It is therefore neceſſary 
to ſubtract from the quantity firſt found, ano- 
ther ſmall quantity, that may be aſcertained. 


Hence the following rule. 
Lg | Rule. 


ne ey =» 
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Rule. 


Take the difference between the ſun's. and 
planet's motion, in right aſcenſion, in 24 haurs, 
if the planet is progreſſive, or their ſum if re- 
trograde ; then ſay, | 
As 24 hours, diminiſhed by this fam, or differ- 

ence, when the planet's motion is greater 
than the ſun's, or increaſed by it, when the 

| ſun's motion is the greater, $6556 
URGING HE e „ 
: So is the difference between the ſun's © 3 
2 s right alcengon at noon, to the time 


| In 
© Por a far. | 
Take the increaſe of the ſun's right aſcen- 


ſion in 24 hours, and add it to 24 hours; then 


fay,. e ee 
As this ſum 5 
he to 24 hours, | oe 
: So is the difference between the ſun's * and 
ſtar's right aſcenſion 
: To the time required, f 
e Exam- 


9 To the Jatter part of both theſe rules, the ſun's right 
aſcenſion is to be taken from the planet's. or ſtar's right 
aſcenſion; and if their right aſcenſions ſhould be leſs than the 
ſun's, they muſt be increaſed by 24 hours, before you ſub- 


W 
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| Examples. | 

On July it, 1767, the ſun's right aſcenſion, 
when on the meridian of Greenwich, was 6* 
40' 25”; and on July 2d, it was 6* 44 33“: 
alſo the moon's right aſcenſion was 159* 2'; 
and on July 2d, it was 169® 397. Required the 
time of the moon's paſſage over the meri- 
a: 


Sun's O's R: A. July I, 6* 40˙ 25" 
1 TE” 3 25 6 44 33 


Daily increaſe © 4 8 


| Moon's Y's R. A. 159% 2 - 10 36 8 
2 — 169 39 11 18 36 


Daily increaſe o 42 28 


| Moon's motion in 24 hours 42' 28” 
Sun's — - 4 8 


Difference 38 20 


Sun's R. A. at noon _ - 6* 40 25” 
Moon's R. A. at noon 10 36 8 


-— 


Difference 346-43 
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Auſwer, 4 25 9, the time required. 


At 
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At what time will the ſtar ArZurus come 
to the meridian of Greenwich on the firſt of 
September, 1787 


Sun's R. A. 1 Sept. 10* 41' 59” Star's R. A. 14 6'0" 
5 5 _ 10 41 59 


Iscreaſe in 245 O 3 38 Diff. 3 24 2 


As 24 F307 7 24 22 3* 24 ee * 23/ gat 
the time required. | SE: 


PROBLEM XI, 


To FI the altitude of the ſun, or any other 
celeflial body. 


This conſiſts in the ſimple application of 
the quadrant to a celeſtial body, in the ſame 
manner as I have already ſhewn with reſpect 
to terreſtrial objects. 
The- quadrant being adjuſted as it ſhould 
be, in all caſes previous to it's uſe, the ce- 
leſtial body muſt be viewed through the 
ſights, and the plumb-line will ſhew it's alti- 
tude on the graduated limb of the inſtru- 
ment. | 
Ĩlf the obſervation be made on the ſun, the 
dark glaſs muſt be uſed to defend the eye, or 
the luminous ſpot formed by the ſmall hole 
5 muſt 
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muſt be made to fall on the center of the croſs ' 
immediately beneath the eye-hole. | 

The ſun having no viſible point to mark 
out-it's center, you mult take the altitude either 
of the upper or lower limb. . If the lower limb 
be obſerved, you muſt add the ſun's ſemi- 
diameter thereto, in order to find the altitude 
of the ſun's center. If the altitude of the up- 
per limb be obſerved, the ſemi-diameter muſt 
be ſubtracted. The mean ſemi-diameter of the 
ſun is 16 minutes, which for common ob- 
ſervation may be taken as a conſtant quantity, 
for the greateſt deviations from this quantity 
ſcarcely exceed a quarter of a minute. When 
greater accuracy is aimed at, the ſemi- diameter 
may be taken from the' Nautical Almanac. 
The obſerved altitude of the ſun's lower limb 
being 189 4r', add thereto 16 min. for the 
ſun's ſemi-diameter, and you obtain 18 5%, 
the central altitude. 

The apparent altitudes of all the 8 
bodies are increaſed by refraction, except when 
they are ſituated in the zenith. An obſerved 
angle of a ſtar, or any other object in the hea- 
vens, muſt be diminiſhed a ſmall quantity, to 
be taken from the able of refractions. | 

Where greater exactneſs is required, a ſmall 
quantity is to be added for the error occaſioned 
by parallax, or the difference between the alti- 


tude of an object as ſeen from the center and 
x the 
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the ſurface of the earth. That from the center 
is the true altitude, and the greateſt, except a: 
the zenith, where parallax vaniſhes; conſe- 
quently the apparent altitude of the ſun is to 
be augmented by a ſmall quantity taken from | 
the /able of the ſun's parallax. 

June 6, 1788, the apparent altitude of the 
ſun's lower limb was obſerved to be 62% 19'; 
required the true altitude of the ſun's center, 8 
' ſeen from the center of the earth. | 


Obſerved altitude — „111 


Semi- diameter — 16 
6 3% 
Subtract for refraction gc 
| 62 34 30 
Add for parallax . 4 
True central altitude - 62 34 20 


If it is a fixed ſtar that has been obſervd, 
there is no correction for ſemi-diameter or p- 
_rallax ; you have only to ſubtract for refractim, 
in order to obtain the true altitude. - 


Thus let the er ved Altitude of” 


Arcturus be — — 38 40 
Subtract for refraction 1 10 
True altitude 3 34-530 


RO 
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| 6 PROBLEM XIT. 
7 o fing the latitude of the place obſervation. 


| When the fun, or a ſtar, is nearly on the 
neridian, or a ſew minutes before twelve at 
noon, take it's altitude, and repeat this ob- 
Ffrvation at ſhort intervals of time, till it is 
found neither to increaſe nor diminiſh. This 
Eſt, or greateſt altitude, is the meridian alti- 
tide. When the ſun is the object, you muſt 
chtain the true central altitude, by correcting 
fir ſemi- diameter and refraction, as ſhewn in 
tle preceding problem. 

Having obtained the meridian altitude, the 
rt object for conſideration is, whether the 
Kitude be north or ſouth, and whether the de- 
eination of the object be north or ſouth. If 
tle latitude and declination be both north, or 
beth ſouth, they are ſaid to be of the ſame 
name; but if one be north, and the other ſouth, 
they are ſaid to be of different denominations. 
Tlis being determined, to find the latitude, 
1. Take the given altitude from gov, to 
fin the zenith diſtance. 2dly, If the zenith 
diſance and declination be of one name, ſub- 
trat one from the other, and the difference is 
the/atitude; bur if they have n names, 


thei ſum gives the latitude. 
The 
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The latitude is always of the ſame name 
with the declination, unleſs when the decli- 


nation has been ſubtracted from the zenith 


diſtance. - 
Example. 
Aug. 17, 1976, Cambridge. The 


apparent altitude of the ſun's 


lower limb 1 
Sun's ſemi- diameter — 


Apparent altitude of the ſun's 
center — 8 
Subtract for refraction 5 


f 
= 


Real altitude of the ſun's center 

This ſum, taken from 9oe, gives 
the zenith diſtance of the ſun's 
center Sg — 

Add for the ſun's declination 


The ſum is the latitude of Cam- 
„„ Fe 


N. B. The ſun's declination, as found in 
the tables, is to be reduced by the rules given 


54 


532 46' 80% 


16 


54 2 8 
41 


35 58 43 


I6 13 57 


52 12 40 


p. $17, to the meridian of obſervation. 


Nov. 6, 1792. Long. 158 W. the meridian 


altitude of the ſun's lower limb was obſerved - 
to be 879 3% N. required the latitude? 


5327 


x ry 


Ob- 
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Obſerved altitude © © 25 87 3 


Sun's ſemi-diameter VV 
| — — —— 


Altitude of the ſun's center 87 53 
This, from go, gives the zenith | 


diſtance 5 — T7 
Declination reduced - 7 26-20: S. 
Latitude required — 1 328 


Dec. 1, 1793. The obſerved meridian al- 
titude of Sirius was 595 50 S. l the lati- 


tude? | 

Obſerved altitude „%% no 
Zenith diſtance „10 10 N. 
Declination of Sirius S278 
Latitude required F TS 43 Ne 


PROBLEM XIII. 


To find the time by equal or correſponding 
| altitudes. | 


This problem is of extenſive uſe, for the 
baſis of all aſtronomical obſervation is the de- 
termination of the exact time of any appearance 
in the heavens; which cannot be attained, un- 
leſs you are aſſured of the going of your watch 


or clock. I have before ſhewn you, that a 
EY mean 


A 


, = 
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mean ſolar day is always conſidered as of the 
ſame determinate length; but the length of an 
apparent day is variable, being ſometimes 
longer, ſometimes ſhorter, than a mean day. 


The inſtant, therefore, of apparent noon will 


ſometimes follow, at others precede, that of 
mean noon. The interval between apparent 


and mean time, is called the n of 


time. 
To find, then, the time of apparent noon, 
obſerve the ſun's altitude in the morning, and 
alſo the time by a clock or watch. Leave the 


quadrant in the ſame ſituation, taking care 


that it's poſition be not altered by any acci- 
dent; and in the afternoon direct it to the ſun, 
by moving the index of the horizontal circle 
only, and obſerve the time when the ſun's alti- 
tude correſponds with that to which the qua- 
drant was ſet in the morning. Add the times 
of obſervation together; the middle inſtant be- 


tween theſe times of obſervation is that of 


apparent noon : this being corrected, by adding 
or ſubtracting the equation of time, gives the 
time of true noon. If it be preciſely XII, the 
clock is right; but if it differ, the clock is 
faſter or flower, by the quantity of the differ- 
ence - org or leſs than AH. | 


Thus 


ST 


- 
„„ oe ore de. eta tte. 
2 
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Thus ſuppoſe the time in the | 
morning to be = > os + 


That in the afternoon -< 2 55 43 
5 24 30 Fr 
The time of noon by watch 12 15 Fr 
Equation of time - = I3 29 
Mean noon by watch * 28 -- 


The watch is therefore 2 min. 22 ſec. too 


To be more particular and accurate. In 
our latitude, the altitudes ſhould be taken when 
the ſun is at leaſt two hours diſtant from the 
meridian. The beſt time is when the ſun is 
on or near the prime vertical, or caſt and weſt 
point of the compaſs ; becauſe his motion per- 
pendicular to the horizon is greateſt at that 
time. 5 

About this time, in the forenoon, take ſe- 
yeral altitudes of the fun, writing down the 
degrees and minutes fhewn on the arch, and 
alſo the exact time ſhewn by the clock at cach 
obſervation : the obſervations to be written one 

below the other, in the order they were made ; 
the time of each obſervation being previouſly 
increaſed by 12 hours. 


In 


25 


„ 
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In the afternoon ſet the index to the ſame _ 
degree and minute as the laſt obſervation, note 
exactly the time ſhewn by the clock when the 


ſun is come down to the ſame altitude, and 
_ write down the time oppoſite to the laſt morn- 


ing altitude; proceed in the ſame manner to 
note the time of all the altitudes correſponding 
to thoſe taken in the morning, writing down 


cach of them oppoſite to that morning one 


with which it correſponds. 

Half the ſum of any pair of correſponding 
altitudes, will be. the time of noon by the 
watch uncorrected. Find the mean of all the 


times of noon thus deduced from each corre- 


ſponding pair of obſervations.; which correct 
for the change in the ſun's declination, and you 
obtain the exact time ſhewn by the clock at 
ſolar noon. This, correaed by the equation 
of time, gives the time of mean noon ; and the 
watch will be too faſt or too ſlow, according 
as the time of noon thus found is more or leſs 
than 12 hours. 


Example 1, Equal altitudes taken, June 1782. 


Morning. Afternoon, 
20" 55" 46" 3" 87 44% 
20 57 41 3 6 48 
a 39 37 3 4 58 


| Mm2. 
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ft pair 20" 55" 460 as 1 57 41* gd pair 20 5 $9” 27 


„ . 3 4 58 
ae * 7 30 24 4 29 24 4 25 
2 ſum 12 2 15 12 2 144 12 2 128 


As the ſeconds differ, add them together, and 
divide the ſum by 3 (the number of pairs) 
which gives you a mean 15 


142 
; 12 
* 
14 
Therefore the mean of the ob- 
ſerved time is - — 1 214 
Equation for 6 hours difference 
in declination — — | 8 


Time per watch of apparent | 
| | OP i 2. 46:3: 
5 . 


— 


Time per watch of mean noon 12 © 19 7 


The watch is 19 ſec. 7 thirds too faſt for 
mean time. 


Example 
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Example 2. January 29, 1786. 


Morning. Afternoon. 
b 
1 2 1 - 
21 38 9 2 52 41 2 
21 39 124 +5 4 61 38 


1ſt pr. 21 qo” 8 2d 2136 g gd 211985 9* 4th 21539 12'5* 
2 55 43 2 54 12 2 52 412 2 51 38 


Sum 24 30 51 24 30 50 24 30 502 24 30 505 
3 ſum 12 16 255 12 15 25 12 15 251 12 15 25 2 
The difference here is only among the 
thirds, which added together are 8”, divided 
by 4 we have2. Therefore 
The mean of the obſerved time is 12 15' 25” 2 
Equation for declination = 20 2 


— 


Time of apparent noon by watch 12 15 5 © 
Equation of time - o 13 29 8 


Time by watch of mean noon 12 1 35 2 
Watch too faſt for mean time 1: 96 2 


PROBLEM XIV. 


| To find the error of a clock or watch, by corre- 
ſponding or equal altitudes of a fixed tar. 


| | Rule 1. 
Add half the ' elapſed time between the 
obſervations, to the time when the firſt altitude 
ET Mm : was 
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was taken, and you have the time of the ſtar's 
tranſit over the meridian per watch, | 
| Rule 2. 
Subtra& the ſun's right aſcenfion from 
the ſtar's, increaſed by 24 hours, if neceſſary, . 
' Take the increaſe of the ſun's right aſcenſion in 
24 hours, and add it to 24 hours; then ſay, 
As this ſum 
3 5 to 24 hours, 
: So is the difference between the fun and 
far right aſcenſion 
2 To the true time of the ſtar's tranſit. 

If the watch be regulated to ſolar time, the 
difference between the true time of the ſtar's 
tranſit and the time ſhewn by the watch, will be 
the error. : 

If your meridian be different from that of 
Greenwich, fay, | 

As 24 hours 

: Are to the daily difference of the ſun's right 
aſcenſion ; 

: So is the longitude, in time, 

: To a proportional part, which muſt be 
added to the true time of the ftar's tranſit, 
if the longitude be eaſt, but ſubtracted if 
weſt. 

If the watch be regulated to mean 
folar time, that is, if it divides the time 
equally, apply the equation, of time as directed 

in page II. of the Nautical Ananac, to the 
true 
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true apparent time of the ſtar's tranſit, before 
you ſubtract. 


Examples. 


On the 6th of November, 1787, at 11* 10 gf 
P. M. and at 164 15“ ſolar time, the ſtar 
Aldebaran had equal altitudes at Greenwich. 
Was the watch too faſt or too flow? 


165 4 15“ 
11 10 9 


„e 


3 6 


Half elapſed time * = 2 27 3 
Time 1ft altitude II 10 9g 


Star's tranſit per watch 13 37 12 


Star's R. A. 4* 23' 50” 
158 


28 23 50 
Sun's R. A. 14 46 15 | 


Diff. 13 37 35 


Sun's R. A. Nov. 6 FR I4 46' 15 
5 7 = 14 50 15 


Increaſe in 24 hours © 4 o 


M m 5 As 


— 


N —_— * l . , \ —— 
— . —Uä—ꝓ—— au At I — —j — — — — — —— = 
—— — ww — — — — 2 — — 
_ a * 8 a 5 2 = " — 
=a . a, Ye 9 = _ - R 5 
== . 0 — — 
3 1 2 
— — — ———ů—ů— 2 — — x _ = * — . 
| by 7 4 
» 
2 
* 


— ————ü—— — 
— 


Sum - 50 733 — — $7 10 10 
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As 24" 4': 24 :: 133735“ 1335 19" true time. 
Time per watch - 13 37 12 


Watch too faſt —- 0 1 53 


F 
$5 % 


On July 13, 1792, in longitude 23e 26' E. the 
following equal altitudes of Altair were ob- 
ſerved. Required the errors of the watch? 


Time per watch. Altitude. Time per watch. 


8 17 5 270 230 1435 57* 
0 19 16 — 27 40 — 0 33 42 


e n 22 44 
ii „ -: og -5 
023-6 e 41 
FF 


— 


8 


Mean — 8 21155 5 14 31 41 6 


Mean time of iſt obſervation 8˙ 2r' 1 45 ag 
* time of 2d obſervation I4 31 41 6 


10 26 1 ; Dift 


Half elapſed tine! 3 5 13 


Star's R. A. 195 40 40 
Sun's R. A. 8 13 41 


Difference 11 26 59 


Sun's 
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2 * 


Sun's R. A. at noon, 23d july 8 157 41” 


- ito -- = - 24th July 8 17 39 
Increaſe in 24 hours - 8 358 
: True time of ſtar's 
tranſit. 


243! 58" : 24 2: 11" 26' 5g" 11 25" 5" 
24 3 58" :: 1 33' 44” pro part. o 0 16 


True time of ſtar's tranſit cor- 


rected for longitude - 11 26 2 
Time per watch „„ ͤ „„ 


Watch too faſt for apparent time 0 1 7 


| Secondly, Suppoſe the watch had been regu- 
lated to mean ſolar time. Then, 7 


True apparent time of ſtar's tran- 


fit, as above r FER an 
- Equation of tine - o 6 
True mean ſolar time „ 43 bs 
Time per watch = - 11 26 28 


Watch too ſlow for mean ſolar time © 4 56 
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PROBLEM xv. 


To draw a meridian line, or 19 find the cardinal 


points of the compaſs, by 2 87 altitudes of the 
fun, or a ſtar, 


If equal altitudes of the ſun be taken, as 


directed in problem xiii, and the place of the 


index on the horizon circle be carefully noted 
at each time of obſervation, the middle de- 
gree or part between each, will be the place 
where the index will ſtand, when the fights. 
of the quadrant ,are directed to the fouth, 


or north, according as the ſun is to the 


ſouthward or northward of the place of ob- 
ſervation at noon. Set the index to this 
middle point, and direct the ſights of the qua- 
drant to ſome remote and fixed object on the 
earth. This obje& will be a ſouth meridian 


mark, and will ſerve to fet the quadrant at any 


fature time. Then take up the inftrument, 
and after ſetting the index to o, place it again 
on the table, or ſupport, and move the whole 


inſtrument, not by any of it's parts, but entirely 


about upon the table, till the ſights are truly 
directed to the meridian mark. Adjuſt the 
horizontal circle by prob. i, and the index will 
then ſerve to ſhew the true bearing of any ob- 
3e&tz becauſe the diameter joining the two 
zeros, or 00's, anſwers to the meridian line. 


If 
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If the table, or ſupport, be immoveable, it 
will be proper to make three marks, or indenta- 
tions, to receive the points of the ſcrews ; by 
which means the horizontal circle may be in- 
ſtantly, at any time, fet in it's proper poſition, 
with reſpect to the cardinal points of the ho- 

rizon. 
At often happens that there is ; not any wWin- 
dow in a houſe, from which the ſun can be ſeen 
morning and evening. In this caſe, the meri- 
dian may be determined by obſervations of 
equal altitude of the pole-ſtar, or any other 
near the pole. 


PROBLEM XVI. 


To * the time by the ſun's 2 over the 
meridian. 


— 


Adjuſt the quadrant to the cardinal points 
by the laſt problem, a ſhort time before noon. 
Set the index to o, and elevate the quadrant, ſo 
that the ſhadow of the ſight with the croſs wire 

may fall upon the other. As the inſtant of . 
apparent noon approaches, the bright ſpot 
formed by the ſun's light through the lower 

hole in the former ſight, will be ſeen approach- - 
ing the mark on the latter. If the obſerver 
chuſes to look at the ſun, he muſt now put up 
the dark glaſs, and apply to the obſervations. 
The inſtants when the firſt limb, or edge of the 
ſun, 
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ſun, appears to touch the perpendicular wire, 
and alſo when the latter limb appears to leave 
It, muſt be noted by the clock or watch. The 
middle time is the apparent noon. Or if he 
chuſes to obſerve, by the bright ſpot only, the 


inſtant when the ſpot is ſeen upon the mark is 


the apparent noon; and this, corrected by the 
equation of time, will ſhew how much the 
clock is faſt or ROW. 


PROBLEM xVII. 


To find the time by an obſervation of the ſun's 
altitude and azimuth. 


Adjuſt the inſtrument to the cardinal points, 
and obſerve the ſun's altitude. Take notice 
likewiſe of the angle of azimuth from the meri- 


dian, as ſhewn by the index. 


Then, 
As the ſine com mment of the ſun's s declt- 
nation 
Is to the fine complement of the altitude; 
So is the fine of the azimuth. 
To the fine of the ſun's horary angle. 
Which laſt being reduced into time, by al- 


_ lowing fifteen degrees to one hour, and in pro- 


portion for the other parts, gives the apparent 
time, if afternoon ; but if before noon, it muſt 
be e deducted from 12 hours, to give the time. 

| This 
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This apparent time mult be corners by the 

equation of time. 

| Example. Suppoſe, that on the 21ſt of 
June, the ſun's altitude was obſerved to be 

46 25', and his azimuth 1129 59', the de- 

clination being 2329“. 

As the coſine of the ſun's declina- 


tion 23% 29 — — 9.9624527 
Is to the coſine of the altitude f 
4003573 6/4 - 9.83847 65 
So is the ſine of the azimuth 
112% 59', or 67 1 - 9:9640797 | 
19.8025 566 
9.9624527 


* 


To the fine of the horary angle 
4347 13" „„ » - ogg 


As 1 fe to 1, ſo is 43 477 13% to 2* 557 8, 
the apparent or true time paſt noon, to g* 4' 52” 
before noon ; but neither of theſe times will 
agree with a watch which meaſures time 
equally. 

The equation of time for noon at Green- 
wich is 1” 15.9“, the daily difference 13“; 
therefore, as 24 is to 13“, ſo is 2* 55! 8”” to 
1.5”; conſequently 1.5”” added to 1' 15.9”, or 
17 17.4”, is the equation of time to be added 

ro 


} 


542 INTRODUCTION TO 


to the given hour: but 2" 55' 8“ added to 
1 17", gives 2* 56' 25”, the time paſt noon per 
watch. | 

It may be neceſlary to remark, that when- 
ever you apply. the equation of time to that 


immediately deduced from calculation, you 


muſt add or ſubtract as the Nautical Ephemeris 
directs; and if the time 1s not very near noon, 
you muſt make a proportion as above; but if 
you apply the equation of time to the time per 
watch, you muſt ſubtra& where the ephemeris 
directs you to add, and vice verſa. 


OF 
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—— — Ei A ner de — — 
PP 


OF THE 


EQUATORIAL, 


OR 
UNIVERSAL SUN-DIAL, 


L 
AND IT'S USES. 


— — 


| HE plumb-line, or direction in which 
gravity acts, being the only line we can 

at all times have immediate recourſe to, for 
determining the poſition of objects, is the 
chief particular to which the circles in the 
inſtrument laſt deſcribed are adapted; and ac- 
cordingly their planes are placed the one pa- 
rallel, and the other perpendicular to that line. 
But as there are few places on the earth, whoſe 
vertical or horizontal circles correſpond with 
thoſe in which the celeſtial motions are per- 
formed, it was found neceſſary, at a very early 
period, to conſtruct inſtruments adapted not 
only to the meaſurement of altitudes and azi- | | 
muths, but alſo to follow the heavenly bodies | = 
in their reſpective paths, and determine their 
right aſcenfions and declinations, more. imme- 
: dlately 
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diately than can be done by the quadrant and. 
horizontal circle. The equatorial is the moſt 
approved modern inſtrument for this pur- 


pole. ; 
It conſiſts of the 1 paris: 

An horizontal circle E F, plate XIV, fig. 2, 
divided, like that of the former inſtrument, 
into four quadrants, of go each. But inſtead 


of a moveable index, there is a fixed nonius 


plate at N, and the circle itſelf may be rn 


on it's axis. 
In the center of * rie is 


fixed a ſtrong upright pillar, which ſupports 
the center of a vertical ſemicircle A B, divided 


into two quadrants of go® each. This is called 
the ſemicircle of altitude, and ſupplies the 
place of the quadrant in the former inſtrument; 
but it is more extenſively uſeful, becauſe one 
quadrant ſerves to meaſure altitudes, and the 


other depreſſions. Ic has no plumb. ine, but 


a nonius plate at K. 

At right angles to the plane as this 88 
circle, the equatorial circle MN is firmly 
fixed. It repreſents the equator, and is divided 
into twice twelve hours, every hours being 
divided into twelve parts, of five minutes 
„ . % 0% 
Upon the equatorial circle moves: amether 
circle, with a chamfered edge, carrying a no- 


nius, by which the diviſions on the equatorial 
| N may 
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may be read off to ſingle minutes; and at right- 
angles to this moveable circle, is fixed the 
ſemicircle of declination D, hae: 
quadrants of go? each. Ty 
The piece which carries the ſights O Pi is 
fixed to an index moveable on the ſemicircle 
of declination, and carrying a nonius at Q. 
The fight O, to which the eye is to be applied, 
has two ſmall holes, and a dark glaſs for cover- 
ing either occaſionally; and the fight P has 
two pieces ſcrewed on, the lower having a 
' ſmall hole to admit the ſolar ray, and the up- 
per carries two croſs wires. 
Laſtly, there are two ſpirit levels fixed on 
the horizontal circle at right angles to each 


other. | 

The following are among the many pro- 
blems which may be ſolved with peculiar faci- 
lity, by means of this uſeful inſtrument. 


PROBLEM XVIII. 


To adjuſt the equatorial for ebſervation. 


Set the inſtrument on a firm ſupport. Firſt, 
to adjuſt the levels, and the horizontal or azi- 
muth circle. Turn the horizontal circle, till 
the beginning O of the diviſions coincides with. 
the middle ſtroke of the nonius, or near it. 
In this ſituation, one of the leyels will be found 
Nn to 
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to lie either in a right line joining the two foot- 

ſcrews which are neareſt the nonius, or elfe pa- 
Tallel to ſuch a right line. By means of the 
two laſt-mentioned ſcrews, cauſe the bubble in 
the level to become ſtationary in the middle of 
the glaſs; then turn the horizontal circle half 
round, by bringing the other O to the nonius ; 
and if the bubble-remains in the middle, as be- 
fore, the level is well adjuſted; if it does not, 
correct the poſition of the level, by turning one 
or both of the ſcrews which paſs through it's 
ends, (by means of a turn-fcrew,) till the bubble 
has moved half the diſtance it ought to come 
to reach the middle; and cauſe it to move the 
other half, by turning the foot-ſcrews already 
mentioned. Return the horizontal circle to 
it's firſt poſition, and if the adjuſtments have 
been well made, the bubble will remain in the 
middle; if otherwiſe, the proceſs of altering 
the level and the foot-ſcrews, with the re- 
verſing, muſt be repeated till it bears this 
proof of it's accuracy. Then turn the hori- 
zontal circle till 90 ſtands oppoſite to the no- 
nius; and by the foot-ſcrew, immediately op- 
poſite the other 90 (without touching the 
others,) cauſe the bubble of the ſame level to 
ſtand in the middle of the glaſs. Laſtly, by 
it's own proper ſcrews ſet the other level (not 
yet attended to) ſo that it's bubble may oc- 
cupy the middle of it's glaſs, 


Secondly, 
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Secondly, to adjuſt the line of fight. Set 
the nonius on the declination ſemicircle at O, 
the nonius on the horary circle at VI, and the 
nonius on the ſemicircle of altitude at 90%. 
Look through the fights towards ſome part of 
the horizon, where there is a diverſity of re- 
mote objects. Level the horizontal circle, 
and then obſerve what object appears on the 
center of the croſs wires. Reverſe the ſemi- 
circle of altitude, fo that the other goꝰ may 
apply to the nonius; taking care, at the ſame 
time, that the other three noniuſes continue at 
the ſame parts of their reſpective graduations as 
before. If the remote object continues to be 
ſeen on the center of the croſs wires, the line 
of ſight is truly adjuſted ; but if not, unfcrew 
the two ſcrews which carry the frame of the 
croſs wires, and. move the frame till the inter- 
ſection appears to lie on a new object, half 
way between the object firſt obſerved, and that 
to which the wires are applied in the laſt poſt- 
tion. Return the ſemicircle of altitude to it's 
original poſition : if the interſection of the 
wires be then found to be on the object to 
which they were laſt directed, the line of fight 
is truly adjuſted ; but if not, the frame muſt be 
again altered as before: and the ſame general 
operation muſt be repeated, till the croſs wires. 
in both poſitions apply to the ſame object. 

Nn 2 Beſides 
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' Beſides this adjuſtment of the center of in- 
terſection, it is neceſſary that one of the wires 
ſhould be in the plane of the declination ſemi- 
circle, and the other at right angles to that 
plane. As the wires are fixed at right angles 
to each other, the adjuſtment of one of them 
will be ſufficient. For this purpoſe, obſerve 
any ſmall object on one of the wires; if it be 
the vertical wire, move the index of the ſemi- 
circle of declination; or if the other, move 
the laſt· mentioned ſemicircle on the axis of 
the equatorial circle. In either caſe the object 
will coincide with the wire during it's motion, 
if the poſition be right; if not, alter that poſi- 
tion, taking care not to diſplace the center 
from it's adjuſtment. | 

To adjuſt the piece which carries the hole 
for forming the ſolar ſpot, direct the fights to 
the ſun, ſo that the center of the luminous 
circle, formed by the aperture which carries 
the croſs wires, may fall preciſely on the upper 
ſight-hole. Then move the frame, with the 
ſmall perforation, till the ſolar ſpot falls exactly 
on the lower ſight-hole. 

Thirdly, to find the correction to be applied 
to obſervations by the ſemicircle of altitude. 
Set the nonius on the declination ſemicircle 
to O, and the nonius on the horary circle to 


XII; 98885 the * to any fixed and diſtant 
object, 


as 
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object, by moving the horizontal circle and 


ſemicircle of altitude, and nothing elſe; note 
the degree and minute of altitude or depreſ- 
fion ; reverſe the declination ſemicircle, by di- 
recting the nonius on the horary circle to the 
oppoſite XII; direct the ſights again to the 
ſame object, by means of the horizontal circle 
and ſemicircle of altitude, as before. If it's 
altitude, or depreſſion, be the ſame as was ob- 


ſerved in the other poſition, no correction will. - 


be required; but if otherwiſe, half the differ- 
ence of the two angles is the correction to be 
added to all obſervations or recti fications made 
with that quadrant, or half of the ſemicircle, 
which ſhew the leaſt angle; or to be ſubtracted 
from all obſervations or rectifications made 
with the other quadrant, or half. | 

When the levels and croſs wires are once 
truly ſet, they will preſerve their adjuſtment 
a long time, if not deranged by violence; and 
the correction to be applied to the ſemicircle 
of altitude is a conſtant quantity. 


PROBLEM XIX. 


To meaſure angles, either of azimuth, altitude, 
| or depreſſion. | 


Set the middle mark of the nonius on the 
Kclination at O, and fix it by means of the 


milled ſcrew behind. Set-the horary circle at 
Nat XII 


; 
0 
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_ Beſides this adjuſtment of the center of in- 
terſection, it is neceſſary that one of the wires 
ſhould be in the plane of the declination ſemi- 
circle, and the other at right angles to that 
plane. As the wires are fixed at right angles 
to each other, the adjuſtment of one of them 
will be ſufficient. For this purpoſe, obſerve 
any ſmall object on one of the wires; if it be 
the vertical wire, move the index of the ſemi- 
circle of declination; or if the other, move 
the laſt- mentioned ſemicircle on the axis of 
the equatorial circle. In either caſe the object 
will coincide with the wire during it's motion, 
if the poſition be right; if nor, alter that poſi- 
tion, taking care not to diſplace the center 
from it's adjuſtment. 

Io adjuſt the piece which carries the hole 
for forming the ſolar ſpot, direct the fights to 
the ſun, ſo that the center of the luminous 
circle, formed by the aperture which carries 
the croſs wires, may fall preciſely on the upper 
ſight-hole. Then move the frame, with. the 
{mall perforation, kill the ſolar ſpot falls exactly 
on the lower ſight-hole. - 

Thirdly, to find the correction to be applicd 
to obſervations by the ſemicircle of altitude. 
Set the nonius on the declination ſemicircle 
to O, and the nonius on the horary circle to 
XII; direct the fights to any. fixed and diſtant 
PE EY object, 
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object, by moving the horizontal circle and 
ſemicircle of altitude, and nothing elſe; note 
the degree and minute of altitude or depreſ- 
ſion; reverſe the declination ſemicircle, by di- 
recting the nonius on the horary circle to the 
oppoſite XII; direct the ſights again to the 
ſame object, by means of the horizontal circle 
and ſemicircle of altitude, as before. If it's 
altitude, or depreſſion, be the ſame as was ob- 
ſerved in the other poſition, no correction will 
be required; but if otherwiſe, half the differ- 
ence of the two angles is the correction to be 
added to all obſervations or recti fications made 
with that quadrant, or half of the ſemicircle, 
which ſhew the leaſt angle; or to be ſubtracted 
from all obſervations or rectifications made 
with the other quadrant, or half. 

When the levels and croſs wires are once 
truly ſet, they will preſerve their adjuſtment 
a long time, if not deranged by violence; and 

the correction to be applied to the ſemicircle 
of altitude is a conſtant quantity. 


PROBLEM XIX, 


To meaſure angles, either of azimuth, altitude, 
or depreſſion. | | 


Set the middle mark of the nonius on the 
ckeclination at O, and fix it by means of the 
milled ſcrew behind. Set the horary circle at 
Nn3 XII 


4 
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XII on the equator, and the inſtrument (pre- 
viouſly adjuſted) is ready for obſervation, 
Then if the ſights be directed ſucceſſively to 
any two objects, the degrees and minutes con- 
tained between the two poſitions of the nonius, 
on the limb of the horizontal circle, will ſhew 
the horizontal angle in the ſame manner as has 
been deſcribed at prob. ii, of the quadrant. 
And likewiſe, if the ſights be directed to any 
object, by moving the horizontal circle and 
ſemicircle of altitude, the degree and minute 
marked by the nonius on the laſt-mentioned 
ſemicircle will be the angle of altitude, if on - 
the quadrant or part neareſt the eye, or of de- 
preſſion, if on the remoter quadrant, | 
Remark. It is proper in this place to de- 
ſcribe the nature and uſe of the admirable con- 
trivance commonly called a xonias. It de- 
pends on the ſimple circumſtance, that if any 
line be divided into equal parts, the length. of 
each part will be greater, the fewer the divi- 
ſions; and contrariwiſe, it will be leſs in pro- 
portion as thoſe diviſions are more numerous, 
Thus it may be obſerved, that the diſtance be- 
tween the two extreme ſtrokes on the nonius, 
in the equatorial before us, is exactly equal to 
eleven degrees on the limb, but that it is di- 
vided into twelve equal parts. Each of theſe 
laſt parts will therefore be ſhorter than the de- 
gree in the proportion of 11 to 12; that is to 


ſay, 
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ſay, it will be one-twelfth part, or five minutes 
ſhorter. Conſequently, if the middle ſtroke be 
ſet preciſely oppoſite to any degree, the rela- 
tive poſitions of the nonius and the limb muſt 
be altered five minutes of a degree, before 
either of the two adjacent ſtrokes next the 
middle, on the nonius, can be brought to coin- 
cide with the neareſt ſtroke of a degree; and ſo 
likewiſe the ſecond ſtrokes on the nonius will 
require a change of ten minutes, the third, of 
fifteen, and ſo forth to thirty, when the middle 
line of the nonius will be ſeen to be equi-diſ- 
tant between two of the ſtrokes on the limb; 
after which, the lines on the oppoſite fide of 
the nonius will coincide in ſucceſſion with the 
ſtrokes on the limb. 

It is clear from this, that whenever the mid- 
dle ſtroke of the nonius does not ſtand pre- 
. Ciſely oppoſite to any degree, the odd minutes, 
or diſtance between it and the degree imme- 
diately preceding, may be known by the num- 
ber of the ſtroke on the nonius, which coincides 
with any of the ſtrokes on the limb. It muſt 
be obſerved, however, that as the degrees in 


ſeveral quadrants are reckoned in oppoſite di- 


rections, ſo likewiſe the nonius has two ſets of 
numbers: for the uſe of which, it need only be 
remembered, that they always begin from the 
middle, and go to 30 minutes, and thence from 
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the oppoſite 30 minutes in the ſame direction 


to the middle; and that they muſt always be 


reckoned in the oppoſite direction to the de- 
grees on the limb.“ | 


PROBLEM XX. 
oO 


To find the diſtance of an object on the earth, by 
obſervations made at iwo ftations. 


This may be done by meaſuring a baſe line 
and the horizontal angles, and proceeding as 
directed at problem ii. But as the equatorial 
meaſures angles of depreſſion as well as ele- 
vation, the ſtations may not only be on the 
fame level, but may be vertically the one above 
the other. For example, if the altitude of any 


object be taken from a lower window of any 


building, and it's depreſſion from a window 
immediately above, and the diſtance of the two 
ſtations of the inſtrument be accurately mea- 
ſured, | 

Then, 


* In this inſtrument they muſt be read in the oppoſite di- 
rection; but when the nonius plate has it's diviſions fewer 


than the number of parts on the limb to which it is equal, 


they coincide ſucceſſively in the ſame direction as that of the 
motion of the index. | 
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Then, 
As the fine of the ſum of the angles of altitude 
and depreſſion, (or of the difference, if both 
be altitude, or both depreſſion) 
Is to the fine of the angle at the upper ſtation; 
So is the diſtance between the ſtations 
To the diſtance of the object from the lower 


ſtation. 


Example 1. From a window near the bot- 
tom of a houſe, the angle of elevation BCA, 
fig. 9, plate XV, of an object B, was found to 
be 40 eighteen feet above the foregoing po- 
ſition, the angle BDE vas obſerved to be 


37“ 300. 
Then, | 
As ſine of the difference of the 
two angles 2 30 - 8.6396796 


1s to fine angle BDC, equal angle 
B D E, plus go - 127.30 - 9g.8994667 
So is DC 18 feet 3 1.256276 


11.147392 

8.639679 

To B C, the required diſtance, c 
% ef - 2.5150596 


Example 2. From C, fig. 10, plate XV, a 
window near the bottom of a houſe, the angle 
BCA of elevation of B was found to be 15 
75 | | from 
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from D; 18 yards higher the _—_ of on 
EDB was 109. 
Then, 
As ſine of ſum of the PLES 2 5 9.629483 
Fo ſine angle B DC S8 — 9.993355 
So is DC 18 yards - 1.25652725 


I 1.2486240 
„ 9.6259483 
To C B 41.944 yards „ 6265 


PROBLEM XXI. 


To meaſure heights and diſtances. 


As the ſemicircle of altitude anſwers every 
purpoſe of the quadrant, in the inſtrument be- 
fore deſcribed, and the horizontal circle is 
common to both, it will be eaſy for the intel- 
ligent learner to perform the problems iii, iv, 
vii, viii, and ix, by the equatorial, from the in- 
ſtructions given under each reſpectively. 


PROBLEM XXII. 


o plot a piece of land. 


The problems v, and vi, with all others 
which are ſolved by the menſuration of hori- 
zontal angles, may likewiſe be performed with 
facility by the equatorial. 43.3 

| x Pro- 
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PROBLEMS XXIII, XXIV, XXV, AND XXVI. 


Under this title it may be obſerved, that 
the problems xi, xii, xiii, xiv, xv, xvi, and 
xvii, for finding the latitude, the time by 


equal altitudes, the poſition of the cardinal 
points, and the time by the ſun's tranſit over 


the meridian, or by it's altitude and azimuth, 
may be performed with equal caſe, and greater 
accuracy, by the horizontal circle and ſemi- 
circle of altitude in the inſtrument before us, 
as by the quadrant treated of under thoſe pro- 
blems. ; | 

I ſhall now proceed to ſome of the pro- 
blems, to which the equatorial is more pecu- 
liarly adapted. 


PROBLEM XXVII. 


To find the latitude of the place by the ſun, or 
any known fixed flar. | 


The inſtrument being adjuſted according 


to the directions already given, ſet the ſemi- 


circle of altitude to go, and when the ſun is 
coming near the meridian, elevate the ſights 
till the center of the ſun is exactly in the 


center of the croſs wires ; then follow the ſun, 


* 
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by moving both the equatorial and declination 
circles, {if neceſſary) till he is at his greateſt 
altitude: the nonius of the declination will 
then give you his meridian altitude, from 
which ſubtract his declination, if it be north, 
or add it if it be ſouth; the remainder, if 
north, and the ſum, if ſouth, is the height of 
the equator, that is, the complement of the 
latitude; from which ſubtract the error inalti- 
tude occaſioned by refraction, and the re- 
mainder ſubtracted from 90 n your la- 
titude. 
Thus, April 7, be ace | | 
altitude of the ſun's lower limb 44 51 23” 


Semi-diameter of the ſun 8 
Altitude of the ſun's center 45 7 23 
Sun's declination north % 
Height of the equator, or co-lati- | 
rude ho 38 9 46 
Subtract for refraction — £ 54; 
Co-latitude corrected „„ 
Which ſubtracted from go? gives 
the latitude - - "$4 3+ & 


_ The latitude may be obtained in the ſame 
manner by a ons flar, whoſe declination 1s 


known, 


* 


5 
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PROBLEM XXV11L, 


To find the meridian line, and the time, FROM 
ONE OBSERVATION OF THE SUN, when 11˙5 
declination and the latitude of the place are 
known.” 


This problem requires that both the azi- 
muth and altitude of the ſun ſhould alter 
quickly; and this is, generally ſpeaking, the 
caſe more eminently, the farther that lumi- 
nary is from the meridian. Therefore, 

At the diſtance of three or four hours, 
either before or after noon, adjuſt the hori- 
zontal circle; ſet the ſemicircle of altitude, fo 
that it's nonius may ſtand at the co: latitude; 
lay the plane of the laſt- mentioned ſemicircle 
in the meridian, by eſtimation, it's O being 
directed towards the depreſſed pole; place the 
nonius of the declination ſemicircle to the de- 
clination, whether north or ſouth. Then di- 
rect the line of ſight towards the ſun, partly by 


moving the declination ſemicircle on the axis 


of the equatorial circle, and partly by moving 
the horizontal circle on it's own axis. There 
is but one poſition of theſe which will admit of- 
the ſolar ſpor falling directly on the mark on 
the oppoſite ſight, When this poſition is ob- 
Oe = tained, 
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tained, the nonius on the equatorial, or horary 
circle, ſhews the apparent time, and the circle 
of altitude is in the plaue of the meridian. 
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PROBLEM XXIX. 


To find the time, when the latitude, the ſun's 
declination, and the meridian, are known. 
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The meridian being found by equal alti- 
tudes of the ſun, or a ſtar, which is the beſt 
method, and ſettled by a meridian mark, 

or by indentation, to ſet the ſcrews in, place 
the (equatorial accordingly, and adjuſt it by 
the levels. Set the femicircle of altitude to 
the co-latitude of the place, and the index of 
the line of ſight to the declination of the ſun. 
Turn this laſt ſemicircle, till the fights are ac- 
curately directed to the ſun. The nonius will 
ſhew the time on the horary circle. 

This problem is more accurate than the 
' foregoing, and may be applied at all times 
when the ſun is viſible. 


PRro- 
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PROBLEM XXX. 


To find the meridian line, when the time, the 
ſun's declination, and the latitude of the 
place, are known. 


- Adjuſt the inſtrument. Set the ſemicircle 
of altitude to the co-latitude, and the nonius 
of the declination ſemicircle to the declination, 


and ſet the nonius of the horary circle to the 


apparent time. Turn the horizontal circle till 
the ſights are directed to the ſun. The ſemi- 
circle of altitude is then in the plane of the 
meridian. 

This problem gives the poſition of the me- 
ridian more accurately than problem xxviii. It 


is much more ready, where the time can be 
had, than the method of equal altitudes, and it 
is near enough to the truth of ſmall inſtru- 


ments. The nearer the obſervation is made 
to the time of noon, the better; becauſe the 
ſun then changes it's azimuth the quickeſt, 


PROBLEM XXXI. 


To find the declination of the ſun, or any celeſlial 
object, when the latitude of the place, and 
Poſition of the meridian, are known. 


Rectify the inſtrument for the co-latitude, 
as in the foregoing problem, and place the ſemi- 
| circle 


D | 
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circle of altitude in the meridian. Then direct 
the ſights to the object, partly by moving the 
declination ſemicircle on the axis of the equa- 
torial circle, and partly by moving the nonius 
of the ſemicircle laſt-mentioned. This nonius 
will then ſhew the declination. 


Pacapin xxxII. 


To n be the right aſcenſion of any celeſtial obje, 
oben the time, the latitude, and the \ one of 


the meridian, are knowrs 


Rectify the inſtrument for the co-latitude, 
and place the ſemicircle of altitude in the me- 
ridian. Move the declination and equatorial 
circles till the croſs hairs nearly coincide with 
the object, then place the ſight a little to the 
weſtward thereof, and obſerve by your clock 
the time when the object paſſes the vertical wire. 

By the clock you have obtained the ſun's 
time, by the nonius of the equatorial you have 
the hour of the object. | 

Take the difference between the ſun's 
time and the ſtar's time; and if the time of 
the ſtar be leſs than that of the ſun, add that 
difference to the ſun's right aſcenſion at the 
time of obſervation ;* the ſum (rezecting 24 
hours, if it exceeds that number) i is the right 
aſcenſion of the object. | 

| But 
* To be found by the Nautical Almanac. | 
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But if the ſtar's time exceeds that of the 
ſun, the difference muſt be taken from the ſun's 
right aſcenſion; the remainder (adding 24 
hours to the ſun's right aſcenſion, if neceſlary) 
is the right aſcenſion of the ſtar, 


January 1, 1778. 
Obſerved time of the ſtar by | 
the equatorial — 2" 18 3˙ P. M. 
Sun's time by the clock = 9 44 40 P. M. 


Difference between the two 7 26 37 
Sun's right aſcenſion— 20 579 

(which is to be added to the | 

foregoing difference, as the 

ſtar's time is leſs than the 

ſun's) 5 28 23 46 
From which rejecting twen- 

ty-four hours, you obtain | 
the ſtar's right aſcenſion 4 23 46 
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Auguſt 31, 1778. 
Obſerved a ſtar, the time by the 
equatorial was 10 A.M. . e. 
aſtronomically „ „ 22 00 60 
Sun's time by the clock 5˙ 55 4 | 
which aſtronomically is - 17 55 4. 


Difference between the two — 4 4 56 ; 
As the ſtar's time exceeds that of / 
the ſun, this difference is to be 4 
ſubtracted from the ſun's right 
_ aſcenſion - — 10 38 58 
The remainder is the right aſcen- | 
ſion of the ſtar * — 6 34 2 


PROBLEM XXXII1E. 


T o direct the line of ſight to any ſtar or planet. 


Adjuſt the inſtrument ; that is, place it ſo 
that the circles of altitude and declination 
may be in the plane of the meridian; ſet the 

ſemicircle of altitude to the co-latitude, and 
the circle of declination of the given body. 
Take the difference between the right 
aſcenſion of the ſun and given body ; and if the 
right aſcenſion of the body be greater than that 
of the ſun, ſubtra& the difference; if not, add 
to the time of obſervation. The remainder 
in one caſe, or the ſum in the other, will be 
the hour and minute to which the nonius on 
the 


. 
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the horary circle is to his ſet; which being 


done, the fight will point to the ſtar or planet 
ſought. 


If the time be too fall to admit of having. 
the difference taken from it, borrow 24 hours, 


and reckon the remainder from XII at noon, 


PROBLEM XXXLV. 


To find the longitude.“ 


Adjuſt the inſtrument to the co-latitude 


and meridian, and take the time of the tranſit 
of the moon's limb, and alſo of a proper ſtar, 
as near as poſſible to the moon's parallel, and 
the longitude may be determined by the fol- 
lowing rule. 

Rule. Find, from the Nautical Eatienietis, 


the increaſe of the moon's right aſcenſion in 
12 hours; obſerve, as before directed, the in- 
terval of time between the paſſage of a given 


fixed ſtar, and of the moon's enlightened limb, 
over the meridian at each place, and the dif- 
ference of theſe intervals will ſhew the in- 


creaſe of the moon's right aſcenſion in the 


time of the ſtar's paſſage from one meridian to 
the other. But, as the increaſe of the moon's 
R. A. in 12 hours is to 1809, ſo is the above 
difference of intervals, to the difference of lon- 
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Example, on Nov. 30, 1792. 
13* 12' 57. 62“ meridian tranſit of the 


at Greenwich | 
moon's 2d limb | by the deck. 


13 1 3 29.08 meridian tranſit of « 


— 46 difference of R. A. at Greenwich. 


8 at Vork 
moon's 2d limb — y' the cock, 


13 14 1 oh meridian tranſit of the 
13 14 30 13 W tranſit of « 80 


The clocks being 


22 08 diff. of R. A. at York. | ſuppoſed to be go- 
ing nearly fiderial 


31.46 ditto at Greenwich. | time, no correction 
is neceflary. 


9.38 increaſe of moon's right aſcenſion 
between Greenwich and York by obſervation, 
which reduced into degrees gives 141. Now 
the increaſe of the moon's right aſcenſion in 
twelve hours was 23340 ; hence as 23340 to 
180, ſo is 141” to 1 5 14, the difference 
of longitude between Greenwich and York. 

Thoſe ſtars that are neareſt in right aſcen- 
fion and declination to the moon, are beſt 
ſaited for this purpoke, 
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